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Equivalent 





angstrom 10-” meter 

ampere(s) 

annum, year 

billion electron volts GeV 

i 3.7 X10" dps-2.22 X10!2 dpm 

counts per minute 

disintegrations per minute 

disintegrations per second 

electron volt 1.6 X10-" ergs 

3.527 X10-? ounces= 
2.205 X10-* pounds 

cycle per second 


meter(s) 39.4 inches= 3.28 feet 
cubic meter(s) 
millicuries per square mile.__.| 0.386 nCi/m? (mCi/km?) 
mile(s) 

milliliter(s) 
nanocuries per square meter__| 2.59 mCi/mi? 


roen 
cnit oof absorbed radiation 
dose 100 ergs/g 
revolutions per minute 
second 


year 
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mental Protection Agency, pre- 
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mental agencies, and other cooper- 
ating organizations. Pertinent original 
data and interpretive manuscripts are 
invited from investigators. 
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Executive Branch for the collation, nuclides from U.S. Nuclear Power Reactors in 1972 
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Public Health Service. Pursuant to | Radioactivity in Brazilian Mineral Waters icine 
fe ae oer eat opi P. L. Hainberger, I. R. de Oliveira Paiva, H. A. Salle 
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Protection Agency which was estab- 
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Reports 


Calculations of Doses, Population Doses and Potential Health Effects Due to At- 
mospheric Releases of Radionuclides from U.S. Nuclear Power Reactors in 1972 


Office of Radiation Programs, 
Environmental Protection Agency * 


Atmospheric emissions of radionuclides during 1972 reported by opera- 
tors of 14 boiling water nuclear power reactors and 2 pressurized water 
nuclear power reactors in the United States were analyzed to calculate 
resulting doses in the general offsite environment. A _ sector-averaged 
diffusion equation, using facility generated onsite annual average 
meteorology, was used to propagate the emissions from the release point 
to a radius of 80 kilometers. In 1972, 4.88 megacuries of radioactivity 
were released to the atmosphere from 16 reactors on 13 sites. The 
resulting whole body population dose was calculated to be 1649 person- 
rem to a population of 29.2 million people. The potential health effects 
induced by external radiation from nuclear power plant emissions in 1972 


were less than those induced by natural background and occupational 


radiation exposures. 


This report presents the results of calcula- 
tions of doses, population doses and potential 
health effects due to reported atmospheric 
emissions of radionuclides from operating nu- 
clear power reactors in the United States in the 
year 1972. The calculational techniques used in 
the analysis were those discussed in a previous 
article (1). Radionuclide emissions were those 
reported by the U.S. Atomic Energy Commis- 
sion (AEC) (2) or the facility operator di- 
rectly. In a previous article, the emissions from 
10 boiling water reactors (BWR) were ana- 
lyzed. This article includes the analyses of four 
additional BWR’s and two pressurized water 
reactors (PWR). All data herein refer to the 
year 1972. 

For these calculations, a yearly average wind 
rose and a sector averaged diffusion equation 
were again used to propagate the emissions. 


*The principal investigators on this project are 
Mr. James A. Martin, Mrs. Mary Anne Culliton and 
Mr. Charles Robbins of the Surveillance Branch, Field 
Operations Division, Office of Radiation Programs, 
Environmental Protection Agency, Washington, D.C. 
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Although this technique is applicable to the 
analysis of long-term, chronic releases typical 
in BWR operations (3), it is not appropriate 
for the analysis of sporadic or intermittent 
release: cases. Because of the generally inter- 
mittent nature of PWR emissions, the cal- 
culated doses for PWR’s have substantially 
greater uncertainties than those due to BWR 
emissions. Generally, doses due to PWR emis- 
sions were probably underestimated in some 
sectors and overestimated in others for 1972 
and are more representative of the average 
yearly dose rate to be expected over a long 
period of time if yearly emission rates remain 
the same and are distributed in proportion to 
the yearly average wind rose. This approach 
is unavoidable if a yearly PWR analysis is 
made since facilities are not presently required 
to report meteorological conditions prevalent 
during periods of atmospheric releases. 

Table 1 summarizes reported emissions by 
radionuclide used in the dose calculations. Total 
emissions were somewhat higher than that re- 
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ported for 1971. Several facilities ope: ted 
throughout the whole of 1972 rather than « aly 
a small fraction of the year as in 1971, and 
new facilities were operational in 1972. Table 
2 presents a facility operating summary, the 
maximum calculated cloud gamma doses to 
hypothetical individuals at the site boundary, 
and the calculated population doses within 80 
kilometers (50 miles) of the facilities. Overall, 
total population dose in the general environ- 
ment increased slightly in 1972 over 1971 due 
to somewhat higher emissions. 

An interesting comparison between offsite 
and onsite population doses is presented in 
table 3. Occupational whole body population 
doses from BWR’s exceeded general environ- 
mental cloud gamma population doses by more 
than a factor of 2. 

BWR’s contributed predominantly to offsite 
cloud gamma population doses. The PWR emis- 
sions data in table 4 indicate that the Ginna 
and San Onofre facilities accounted for over 
80 percent of all PWR emissions. Assuming the 
same percentage for the PWR cloud gamma 
population dose, the total person-rem in table 
3 is also the approximate total for all nuclear 
power plants in operation in 1972. 

Tables 5 and 6 present the reported halogen 
releases and calculated inhalation (thyroid) 
doses and ground depositions. Inhalation doses 
were several orders of magnitude less than 
cloud gamma doses. As in the previous article, 
ingestion (thyroid) dose via the air-foliage- 
cow-milk-person pathway were not calculated 
due to the lack of data on release heights, 
chemical form of the iodine emissions, and un- 
certainties posed by recent results of field stud- 
ies (4) which have not corroborated available 
pathway parameters. (These field studies are 
continuing in an attempt to resolve the dis- 
crepancies.) Figure 1 (1) indicates that ground 
depositions from small releases at or near 
ground level may predominate at distances 
within 1 kilometer of a site. This is well illus- 
trated by a comparison of the Humboldt Bay 
and R. E. Ginna Unit 1 data in table 6. For these 
two cases, a small release at low height resulted 
in calculated ground level concentrations com- 
parable to that from a much larger release at a 
higher altitude. (For these calculations, the 
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heir emissions in 1972 were higher than all other reactors of this type; others are boiling water reactors. 





Dresden 
Units 2&3 





Table 1. 


Dresden 
Unit 1 











8 Specific radionuclide data from reference 2. Total activity released was somewhat greater due to the presence of very 8 


indicate activity was not reported. 
> Pressurized water reactors chosen because t 


Radionuclide 











Nitrogen-13 - - - 


Argon-41: __.-- 
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Table 2. Summary of energy generated, radionuclide emissions, dose and population dose 
for selected U.S. nuclear power reactors, 1972 








Electrical Total Cloud gamma | Maximum cloud gamma dose at fencepost* 
energy gaseous Population population 
Facility generated * emissions within 80 km dose 
(GW (e)- (kCi) (thousands) (person-rem) Dose Distance Sector 
yb (mrem) (m) 








Boiling water reactors: 


See eee . 
Dresden Unit 1 


Oyster Creek 

Pilgrim 

Quad Cities Units 1 and 2 
Vermont Yankee 


to 
coHvse coom Sooo 


All boiling water reactors 


Pressurized water reactors: 


R.E. Ginna Unit 1 J , 1 
San Onofre Unit 1 . 5 
6 


Two Pressurized water reactors 


All 16: reactors... 4.00 29 





























* Assumes 0.3 electrical to thermal efficiency. 
> 1 GW = 10° watts; GW (e)-yr = gigawatt (electric)-year. 


: No credit given for building shielding or occupancy f.ctors. Maximum dose to actual individuals was a factor of 2 to 3 lower. 
Within 40 


Table 3. Comparison of whole body population dose from Table 4. PWR and HTGR releases and energy 
gaseous emissions and occupational dose from selected generation, 1972 
reat: United States, 1972 








Electrical Atmospheric 
Whole body Facility energy radionuclide 
population dose*| Occupational generated emissions 
lous gaseous | population dose > “ (kCi) 
emissions (person-rem) 
within 80 km ' 
(person-rem) Pressurized water reactors: 


Facility 








my Sores A arate ~ Point Beach Units 1 and 2 
Dresden Units 1, 2, and 3 Haddam Neck 
Humboldt Bay 


Millstone Unit 1 
Monticello 
Nine Mile Point 
Oyster Creek 


Pilgri 
usd Cities Units 1 and 2 High temperature gas reactor: 
Vermont Yankee A ae eae 








All boiling water reactors 





Pressurized water reactors: 


R. E. Ginna Unit 1 
San Onofre Unit 1 





Two pressurized water reactors 





All 16 reactors 





elemental iodine (I.) chemical form was as- 


© Catnited wine Genet ee sumed for all iodine releases; this may not be 
> From testimony of Dr. Morton I. Goldman on behalf of the Consoli- the case (4) ) 

dated y — or 1), Nov. 9, plete. - the AEC pnneew ay be . 

i effluents from light water-coo! nuclear power reactors, Docket j : | ; ; 

ne Sacre e, A brief explanation for the difference in the 
Within 40 icm. magnitude of BWR and PWR emissions is in 
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Table 5. Halogen releases from selected U.S. 
nuclear power reactors, 1972 





| 


| Effective 

Facility | release |___ 
| height * | 
an 


Quantity 
(Ci) 


lodine- 
1: 


| Todine- 
31 133 


Iodine- 
135 


Boiling water reactors: 


Big Rock Point 
Dresden Unit 1_.....--- 
Dresden Units 2 and 3.. 
Humboldt Bay 


Millstone Unit 1 
| 
Nine Mile Point_- 


Oyster Creek_.__._--- 
Pilgrim | 
Quad Cities Units 1 and 2 
Vermont Yankee_._.___- 


All boiling water reactors-___| 
Pressurized water reactors: | 


R.E. Ginna Unit 1 
San Onofre Unit 1 


Two pressurized water 
reactors 


All 16 reactors 


* Includes plume rise per reference 1, except Quad Cities plum rise= 
105 m and plume rise for Ginna and San Onofre = 0. Halogens presumed to 
be emitted from the stack at the effective release height. 

> Emissions not reported. 


order. The lower off-gas volumes which result 
from a typical PWR design permits these gases 
to be stored so that the shorter-lived radionu- 
clides can decay. For BWR’s, inplant holdup 
times are typically 1 hour or less. For PWR’s, 
decay periods up to several months can be 
achieved under optimal conditions. This greater 
decay time contributes to the difference between 
PWR and BWR release magnitudes for plants 
with similar generating histories. A proposed 
regulation promulgated by the AEC (5) will 
require reductions in BWR gaseous emissions 
either by the installation of additional holdup 
capacity or by removal of the gaseous wastes. 
Thus, for future operation, doses from BWR 
releases may be expected to be substantially 
reduced. This may begin to occur as early as 
1974. 

The risk values given in the BEIR Report (6) 
were again used to estimate the number of poten- 
tial health effects from external gamma radia- 
tion likely to occur in the populations residing 
within 80 km of operating nuclear power sta- 


Table 6. Calculated inhalation (thyroid) doses and iodine-131 depositions, 
1972 


| 


Iodine-131 
released 
(Ci 


Facility 


population | | 


Adult 


Maximum saturated ground 


inhalation | activity > 
} 


(thyroid) 


| 
dose « 


within Distance 
80 km®* /|(pCi/m?)} (km) 
(person- | 
rem) | 


Sector 





Boiling water reactors: 


Big Rock Point_-_------ 
Dresden Unit 1 
Dresden Units 2 and 3. 
Humboldt Bay 


Millstone Unit 1 
Monticello 

Nine Mile Point 

Oyster Creek 

Pilgrim 

Quad Cities Units 1 and 2 
Vermont Yankee 


Pressurized water reactors: 





R.E.Ginna Unit 1 
San Onofre Unit 1-____-_| 





| 
| 
| 
| 


| ENE a SSW 
SSE a NW 
SSE a NW 


oa=t PH AED 


y 


5 I 
All dis' tances 











| 


* Adult inhalation (thyroid) dose is less than 10 ywrem in all cases. 
> Assumes 1 cm/s deposition velocity, stack release, dry deposition only. 
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tions in 1972. Three sources of radiation were 
ASSUMPTIONS: 


considered: natural background radiation, the 

 MXTUREOFC.D.EF external gamma radiation from atmospheric 
to" mee radionuclide reactor emissions, and occupa- 
eho ion eeitat tional exposures. Potential health effects from 
Gott te 7 radiation include fatal cancers, nonfatal can- 
cers, and genetic effects in the approximate 
ratios 2:2:3, respectively. Somatic effects are 
assumed to occur within 30 years or so of ex- 
posure; genetic effects extend over several 
generations. The calculated health effects, based 
upon a risk factor of 710~ health effects per 
person-rem (7) are presented in table 7. Un- 
certainties associated with calculations in this 
report are discussed in the previous article (1). 
In summary, atmospheric emissions of radio- 
nuclides from 16 nuclear power facilities on 13 
sites were analyzed to calculate resulting en- 
vironmental doses for 1972. These facilities 
generated a total of 4000 megawatt-years of 
electrical energy during the year. The cloud 
gamma population doses to the populations 
within 80 km (50 miles) of these facilities, 
due to atmospheric emissions of 4904 kilo- 
curies of radionuclides totaled 1649 person-rem 
in a population of 29.2 million. For the nuclear 
I power industry as a whole, extrapolation of 

1.0 10. these data would indicate a total of about 1700 
Downwind DISTANCE (km) person-rem offsite cloud gamma population 
: as, doses resulting from the production of 5880 
Figure AR, tnt cae iraniie ve abe Fs typical = megawatt-years of electrical energy by nuclear 











Table 7. Calculated potential health effects, 1972 





Potential health effects 


Facility Popula- | Electrical Noble | 
tion * energy gas Natural>| Cloud | Occupa- 
(mil- roduced | emissions back- gamma | 
lions) |(GW(e)-yr) ground 








Big Rock Point 
Dresden Units 1,2 and 3... 
Humboldt Bay 


ao 
—~ =e 
a 


i) 


Genoa (La Crosse) 
Millstone Unit 1 
Monticello 


wr 


RHO awe OM 


R.E. Ginna Unit 1 1 
San Onofre Unit 1 5. 























* Estimated populations within 80 km (50 miles) of the sites (40 km for Genoa). 
> Natural background dose rate from reference 8, 
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power facilities in 1972. Potential health effects 
induced by external radiation from nuclear 
power operations in 1972 were predominantly 
due to occupational exposures. Extrapolation of 
the population statistics for the sites considered, 
to include all sites, would indicate that between 
one-fifth and one-quarter of the U.S. population 
lived within 80 km (50 miles) of an operating 
nuclear power plant in 1972. 
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Radioactivity in Brazilian Mineral Waters ' 


P. L. Hainberger, S.J.,° I. R. de Oliveira Paiva,® H. A. Salles Andrade,’ 


G. Zundel,* and T. L. Cullen 


Samples of mineral waters from various parts of Brazil were analyzed 
for their radium content. Radium-226 activity ranged from nonde- 
tectable to 94.1 pCi/liter, and radium-228 ranged from nondetectable 


to 152 pCi/liter. 


In some countries of the world, bottled min- 
eral waters are widely consumed for their 
health giving qualities. Among these qualities, 
at times, is the radioactive content. The label on 
Brazilian mineral waters normally gives the 
content in Mache Units.* It is of interest to 
note these waters as examples of the natural 
radioactive contamination of the environment. 

These waters have been analyzed in the past 
(1,2) but the measurements have generally 
been based on the radon contained in the water. 
Advances in the radiochemical techniques in 
the past decade, however, justify a repetition 
of these measurements. 


This paper is based on work supported by the 
Brazilian National Institute of Technology, National 
Research Council, National Energy Commission, and 
the U.S. Atomic Energy Commission under Contract 
AT (1%1)-3437. 

Director of the Department of Chemistry, Pontificia 
University, Catolica, R. J. 

Associate Professor of Chemistry, Pontificia Univ., 
Catolica, R. J. 

* Assistant Professor of Chemistry, Pontificia Univ., 
Catolica, R. J 

* Associate Professor of Physics, Pontificia Univ., 
Catolica, R. J. 

*A Mache Unit corresponds to the measurement of 
the saturation current produced by emanation (ex- 
pressed in absolute electrostatic units multiplied by 
1000 occurring over a period of 1 hour from 1 liter of 
water. A Mache Unit is approximately equal to 0.364 
nCi. 
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The samples were collected in plastic bottles 
at the source and shipped to Rio de Janeiro. 
Basically, the method of A. S. Goldin was then 
used (3). The sulphates of barium and radium 
are precipitated and collected onto a membrane 
filter after purification. The alpha activity is 
then counted using a plastic phosphor and 
phototube. 

The activity is measured 30 days after pre- 
cipitation and drying, and again after 60 days. 
The two measurements enable us to separate 
out the activities due to the two isotopes, 
radium-226 and radium-228. The data are pre- 
sented in table 1. 

Some of the rather active waters, from 
Caxambt (figure 1), were also bought in the 
commercial bottles and measured. It seems that 
an ion-exchange process removes the radium 
from the water and fixes it in the glass of the 
bottle before the water gets to the customer. 
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Figure 1. Radioactivity in Brazilian mineral waters 
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Table 1. 


State, municipality 


Bahia: 

Caldas de Cipé 

Camacari 

Cipé 

Coracgao ‘de Maria 
Itaparica (Ilha de Itaparica) 
Itapicurt ‘ . 
Ceara: 

Fortaleza 


Espirito Santo: 
Alegre _ _ _ - 
Guarapari _ - 
Serra _ - - 
Goias: 

Caldas Novas_- 


Caldas de Pirapitinga 


Caldas Velhas 


Pousada do Rio Quente- -- -- 


Goiania, Chacara S4o José 
Itapirapua, Fazenda 
Sao Joao-- 


Guanabara: 
Rio de Janeiro 


Maranhao: 
Caxias _ _- 

Sao Luiz__-- 
Mato Grosso: 
Barra do Garcas 


General Carneiro- 
Palmeiras - - - - 
Minas Gerais: 
Além Parafba, paper breseenss 
Além Paraiba. -- -- 
Andradas_ 

jp "ae 
Baepend{_---_- 
Belo Horizonte--- 
Bicas _ - - - 

Caldas_ . 
Cambuquira 


Cataguazes - - 
Caxambté 


Conceicao do Rio Verde_- 
Contendas 





Caldas de Cipé 
Dias D’ Avila- 


| Jérro 


San Juliano 


| Bica 


Itapicurd_-_- -- 


Sao Geraldo__-_- 
Santa Ines 


Verdes Mares 


Conceicao _ - 
Mineral - 


| Mineral _- 


Baths 
Well near baths_ 


Lake drainage ' 
Well near river Pirapi 
Poco do Governador 

, | eee 

Well II 

Ponte Japonesa: 
Spring I 


Vindobona___------ 


Sulfurosa fount 
Sulfurosa baths 


pO 


Hot spring 
Sao Sebastiao 
Hot spring 


Well, 70 m dee 
Fazenda Bom Retiro 
City supply -_-- 
Dona Beja 

City supply 

City supply 

City supply 


Roxo Rodrigues 
Ferruginosa.--- - 
cae Lima 

ity supply 
Mayrink 
Mayrink II- 
Mayrink III 
Viotti_ 
Dom Pedro II 
Dona Leopoldina-- -- 
Duque de Saxe_-_-__-_- 
Dona Isabel 
Conde d’Eu. 
Beleza _ _ 
Venancio- - 


Nascente Riacho ‘Bengo 
Acude do Parque. -- _- 
Rio Verde 


.-| Ferruginosa. we os 
| TT 
| Alcalina 


V. Marina 
Riacho do Parque 








Radioactivity in Brazilian mineral waters 


CD CTU best et ek et ttt 





Radium- 
99 


| (pCi/liter) 


0 
no 


ZZ ZZ 


wlottole} 


w 
ow 
w ao 


$300 


im Oko 


ry 
& @ 00 Go bw © ~2 0909 0 





Table 1. 


Radioactivity in Brazilian mineral waters—continued 


| Radium- | Radium- 
Source 226 | 228 
(pCi /liter) | (pCi/liter) 


State, municipality 


—_——<$——-$_ ———— | — 


Contendas 


Dona Euzébia 
Ipuiuna _- 
Itajuba_ 
Jacutinga 
Juiz de Fora- 
Lambari 


Leopoldina : 
Mar de Espanha 
Montes Claros 
Monte Siao 
Montezuma 


Passo Quatro 


Patrocinio 
Piquete : 
Pocinhos do Rio Verde__-- 


Pocos de Caldas 


Route Rio-Bahia km 72 


Salvaterra 
Samaritana 

Santa Rita de Sapucaf_ 
Sao Lourengo - - 


Ther orm 6polis 
Tiradentes, Hidrominas 


Para: 

Belém 

Salinas 

Paraiba: 

Sao Gongalo- 
Parana: 
Araucaria 
Bandeirantes 
Campo Largo. -- 
Castro - ‘ 


Cornélio Procépio - - - 
Curitiba diag 


Fazenda Mendes - - 
Guarapuava 


Jaguariava__.- 
Londrina --- 


Ponta Grossa_-_ 
Pernambuco: 
Fazenda Nova_ - 
Joao Alfredo___- 
Quipapa_ 

Recife 








(16 m deep) 
(6 m deep) 
(10 m deep) - - . 
4 (18 m deep 

Well no 5 (5m deep) i 

Well no 6 (5 m deep) - 

Well no 7 (15 m deep) 

Well no 8 (7 m deep) - 

Hélios aa ‘ 

City supply 

City supply 

Sao Clemente 

City supply 

City — 

Nol ‘ 

No2 

No3 

No4 

City supply 

City supply 

City supply 

Natural 

Bath I_- 

Bath II 

City supply 

Julio Resnier 

Padre Manoel 

oe supply 

ity sup’ 
Rio V ae 
Sao José 

Samaritana 

Amorosa - - - 

City supply 

Sinhasinha 

Macacos- - 


Santana__--- 

Frayha : 
15 de Novembro-___- 
N.S. da Satide _ - - - 
Pedro Botelho- - - - 
Vivaldi 

Sto. Antonio 

Well (40 m deep) 
Salvaterra 

Sao Francisco 


| City supply - 
| City supply 


Gasosa 

Magnesiana 

Ferroginosa 

Alcalina 
Alcalina-Carbo-Sulphorous 
Alcalina, Vichy 

Natural 


‘Agua Vita 


Sarandi__-_ 
Thebana 
Baths 

Pool 

Well, in field _- 
City supply 


N.S. dé Nazaré 
Cc arana___-_- 


Brejo das Freiras 


Prata de Casa__ 


, ae 
Ouro Fino-- 
Agua Quente 
Parana 

Agua Quente- 


| City supply -- co 


MG. «ces 

Jacu : Eh 
Santa Clara._.......- 
N. S. de Lourdes _ 

Sao Francisco 

Boa Vista_ __ 
Lambedor 


| City supply 


Lon—Rita__- 
City supply 


Salgadinho ai 
Sado Benedito __ 
Santa Clara 
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Table 1. Radioactivity in Brazilian mineral waters—continued 


Radium- | Radium- 
State, municipality s . 226 228 


om liter) | wet liter) 





Piaui: 
Cidade Jardim eo. Socopo 
Teresina _- gad Agua Regina, Boqueirao.. 


York 
Rio de Janeiro: 
Barra do Piraf_- - _- -| Ibitira_ 
Campos - nea tiaande 
Itabora{ 
Itaboraf_- 
Itaperuna Soledade, Sulphurous 
Soledade, Carbonated - 
Cubatao 


tow, Friburgo RSET Boa Esperanca- 
Nova Iguaca .| Ambai 


Parafba do Sul 
Passa Tres ____- Z 
Petrépolis iid dats i dcedianntbined 
Casteliania 

Pe avisdnedbceomeuesaene Maria Rita 

Nilo Pecanha_- - 

Sao Goncalo -_-- Sao Gongalo- - 

Farol - 


Teres6polis - Teres6polis _ 
Rio Grande do Norte: 
Santos Reis, Portinho 
Costa e Silva_-_---_- ‘ 
Costa Calvacanti 
Moacyr Vasconcelos 
Paulo Godoy 


Rio Grande do Sul: 
Alegrete - 
a 


Santo Angelo 


Sao Leopoldo 
Santa Catarina: 
Armazém Santa Teresinha............... : 
Santa Catarina 
Chape ‘ ..--| Chapecé 
Flortanopalis (a I icin ining tetocsquntirdentees ‘ 
Gravata__ Gravatal - _ _- “ 
S. Anjo da Guarda. _-_.......-. - 
Rio Pouso ‘ 
Palmitos 
Route BR-2, km 330 __- Sulfurosa é 
Santo Amaro__._- Caldas de Imp 
Urussanga Sulfurosa, S. 
Thermal, S. — 
Sao Paulo: 


Aguas da Prata 


Pocinho do Quilombo 
Sao Benedito 


Mairipora 
Mogi das Cruzes 
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Table 1. Radioactivity 
State, municipality 


Sao Paulo 


Sao Pedro-- 


in Brazilian mineral waters—continued 


Radium- 
9 


226 


Source 


| (pCi/liter) 


Jaraguaé 2 
Lausane 

Sao Pedro , 
N. S. Lourdes __ 
Petrépolis 
Almeida Sales 


| Gioconda- 


Serra Negra 


Juventude ___ 
Ros4rio 


| Sto. Agostinho 


Sertaozinho __- 


Paimital 


| Sertaneja 


ND, nondetectable. 


Pompeia_ __ 
Imaculada Conceicao 
Sao Francisco 


Radium- 
228 


| (pCi/liter) 
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SECTION I. MILK AND FOOD 


Milk Surveillance, March 1974 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important ra- 
dionuclides that may be released to the environ- 
ment from nuclear activities. In addition, milk 
is produced and consumed on a regular basis, 
is convenient to handle and analyze, and sam- 
ples representative of general population con- 
sumption readily can be obtained. Therefore, 
milk sampling networks have been found to 
be an effective mechanism for obtaining infor- 
mation on current radionuclide concentrations 
and long-term trends. From such information, 
public health agencies can determine the need 
for further investigation or corrective public 
health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, 
Environmental Protection Agency, and the 
Office of Food Sanitation, Food and Drug Ad- 
ministration, Public Health Service, consists 
of 65 sampling stations: 63 located in the 
United States, one in Puerto Rico, and one in 
the Canal Zone. Many of the State health 
departments also conduct local milk surveillance 
programs which provide more comprehensive 
coverage within the individual State. Data from 
15 of these State networks are reported rou- 
tinely in Radiation Data and Reports. Addi- 
tional networks for the routine surveillance of 
radioactivity in milk in the Western Hemis- 
phere and their sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency )—5 sampling 
stations 

Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the 
networks reporting presently in Radiation 
Data and Reports are shown in figure 1. Based 
on the similar purpose for these sampling 
activities, the present format integrates the 
complementary data that are routinely obtained 
by these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selec- 
tive metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides 
which commonly occur in milk are strontium- 
89, strontium-90, iodine-131, cesium-137, and 
barium-140. A sixth radionuclide, potassium- 
40, occurs naturally in 0.0118 percent (2) 
abundance of the element potassium, resulting 
in a specific activity for potassium-40 of 830 
pCi/g total potassium. 

Two stable elements which are found in 
milk, calcium and potassium, have been used 
as a means for assessing the biological behavior 
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Milk sampling networks in the Western Hemisphere 
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of metabolically similar radionuclides (radio- 
strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963-—March 1966 
(3) and are used for general radiation calcu- 
lations. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, first it was necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agreement 
of the measurements among the laboratories. 
The Analytical Quality Control Service of the 
Research and Development Programs conducts 
periodic studies to assess the accuracy of de- 
terminations of radionuclides in milk performed 
by interested radiochemical laboratories. The 
generalized procedure for making such a study 
has been previously outlined (4). 

The most recent study was conducted during 
June 1972 with 37 laboratories participating 
in an experiment on a milk sample containing 
known concentrations of iodine-131, cesium-137, 
strontium-89, and strontium-90 (5). Of the 18 
laboratories producing data for the networks 
reported in Radiation Data and Reports, 14 
participated in the study. 


The accuracy results of this study for these 
14 laboratories are shown in table 1. The 
accuracy of the cesium-137 measurements 
continues to be excellent as in previous ex- 
periments. However, both the accuracy and 
precision need to be improved for iodine-131, 
strontium-89, and strontium-90 which could 
probably be accomplished through recalibra- 
tion. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete under- 
standing of several parameters is useful for 
interpreting the data. Therefore, the various 
milk surveillance networks that report regu- 
larly were surveyed for information on analyti- 
cal methods, sampling and analysis fequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic meth- 
odologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 


Table 1. Distribution of mean results, quality control experiment 





Number of laboratories in each category Experi- 
“i mental 
2e error 
(pCi/liter) 


Isotope and known concentration = irtiey 
Acceptable * Warning 


level > 


Unaccept- | Total 


able ¢ 





(96 or 99 pCi/liter) - __- a 
(438 or 484 pCi/liter) - --__- 
(53 or 54 pCi/liter)_.......-- 
(295 or 303 pCi/liter)__._...__- 
Strontium-89: (29 or 30 pCi/liter) - - 4 

(197 or 201 pCi/liter) a? 
Strontium-90: (32.1 or 32.4 pCi/liter)____.-_--- 
(150.5 or 151.2 pCi/liter) 





(33% 
(15%) 
(8%) 


Iodine-131: 
Cesium-137: 


1 (8%) 
0 


0 
2 (15%) 
0 


1 (11%) 
4 (338% 
0 


(18%) 
(56% ) 

















rk anorns 


(55%) (45%) 


® Measured concentration to or within 2¢ of the known concentration. 
b+ Measured concentration outside 2¢ and equal to or within 3e of the known concentration. 
¢ Measured concentration outside 3e of the known concentration. 
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a quarterly basis for certain nuclides. The 
frequency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels. 
The number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium-9¢6 and cesium-137 are 
relatively stable over short periods of time, 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and 
generally is increased at the first measurement 
or recognition of a new influx of this radio- 
nuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis 
(6) of raw and pasteurized milk samples col- 
lected during January 1964 to June 1966 indi- 
cated that for relatively similar milkshed or 
sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk 
are not statistically significant (6). Particular 
attention was paid to strontium-90 and cesium- 
137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 
replicate analyses (3). The practical reporting 
level reflects analytical factors other than sta- 
tistical radioactivity counting variations and 
will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 8 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 


Some of the networks gave practical report- 
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ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample 
determinations. The treatment of measurements 
equal to or below those practical reporting 
levels for calculation purposes, particularly in 
calculating monthly averages, is discussed in 
the data presentation. 

Analytical error of precision expressed as 
pCi/liter or percent in a given concentration 
range also has been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 

1-5 pCi/liter for levels <50 
pCi/liter; 

5-10 % for levels =50 pCi/liter ; 

1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels >20 pCi/liter ; 

4-10 pCi/liter for levels <100 
pCi/liter; 

4-10% for levels =100 pCi/ 
liter. 


Radionuclide 
Strontium-89 


Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the United States data on 
radioactivity in milk in perspective, a sum- 
mary of the guidance provided by the Federal 
Radiation Council for specific environmental 
conditions was presented in the February 1973 
issue of Radiation Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are reported routinely in Radiation Data 
and Reports. The relationship between the PMN 
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Table 2. Concentrations of radionuclides in milk for March 1974 and 12-month period, 
April 1973 through March 1974 


Radionuclide concentration 
(pCi /liter) 
Type | 


Sampling location of Strontium-90 Cesium-137 
sample * } ; 


Monthly 12-month Monthly | 12-month 
average > | average | average average 
| 


UNITED STATES: 


Montgomery °- 
Palmer 
Phoenix ‘ 
Little Rock « 
Los Angeles * 
Sacramento 
San Francisco ° 
Del Norte 
Fresno 
Humboldt 
Los Angeles 
Mendocino 
Sacramento 
San Diego 
Santa Clara 
Shasta 
Sonoma 
Colo: Denver ° 
East 
Northeast 
Northwest 
South Central 


ZZZZZZZ 
Pr >> > >> 


pore 


~] 


to 
NNR ORK eee 


Pormrmreren 


we 





Z 
Awowow 


est 
Hartford ° 
Central 
Wilmington ¢_ 
Washington « 
Tampa ° 
Central 
North 
Northeast 
Southeast 
Tampa Bay area 
Jest 
Atlanta ¢ 
Honolulu °¢_- -- 
Idaho Falls °_ 
Chicago ° 
Indianapolis °__ 
Central 
Northeast 
Northwest 
Southeast 
Southwest i 
Des Moines ¢_-_ 
Des Moines 
Iowa City 
Le Mars 
Little Cedar 
Wichita « 
Coffeyville - 
Dodge City__._...-- 
Falls City, Nebr__-- 
Hays - - a : 
Kansas City _. 
Topeka 
Louisville °__. 
New Orleans °___ 
Portland « 
Baltimore ¢ 
Boston ¢ 
Detroit ¢.___.. 
Grand Rapids °¢_ 
Bay City _- 
Charlevoix 
Detroit R 
Grand Rapids_. 
Lansing oats 
Marquette 
Monroe _ . a is 
South Haven 
Minneapolis © 
Bemidji - 
Duluth 
Fergus Falls _ - 
Little Falls 
Mankato 
Marshall 


POCIIARIh OD 
noo 


Z 


Z Z 
AAMAORAPAIBWARPOR~I 


- 
FP DWOON KH AoanwA-1 


ae 


=" 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for March 1974 and 12-month period, 
April 1973 through March 1974—continued 


Radionuclide concentration 
(pCi /liter) 

; ' Type ‘ 

Sampling location of Strontium-90 


Cesium-137 
sample *® 


Monthly 12-month Monthly 
average > average average > average 


Minneapolis - - - - 
Rochester - - - 
Jackson ¢ 
Kansas City ° 
St. Louis ¢ 


Manchester ¢__- 
Trenton °__- 
Albuquerque °_ - 
Buffalo °__ 

New York City 
Syracuse ¢ aor 
Albany 

Buffalo 

Messena PI ae 
New York City__- 
Syracuse _ - - - 
Charlotte °__ 
memes ©... 4... 
Cincinnati ¢__-_-. 
Cleveland °¢ 
Oklahoma City ¢ 
Portland © 

Baker __- 

Coos Bay_- 
Eugene 

 * aes 
Portland composite 
Portland local 
Redmond 
Tillamook - __--- 
Philadelphia °_- 
Pittsburgh °_- 
Dauphin 


PORMNAIAINIIWE AH coon” cid Oem ONO 
ocoooorwocoocooococooocoooococecoo 
RrPONWOMOCCOSCOCOFNNOFACOOFOWOCS 


Erie _ - - 
Philadelphia _ _ 
Pittsburgh - 
Providence ° 
Charleston ¢__ 
Anderson-01___ 
Anderson-02_ 
Chapin 
Clemson - 
Columbia 
Fairfield ___ 
Hartsville-02 ___ 
Hartsville—03 _ _ _ 
Lee County___- 
Oconee County 
Pickens - 
Williston 
Winnsboro 
York-01 
York-02 oni ae 
Rapid City °___- 
Chattanooga °___- 
Knoxville ¢ 
Memphis ¢ 
Chattanooga__- 
Clinton - 
Fayetteville 
Kingston 
Knoxville________- 
Lawrenceburg_____- 
Nashville __- 
Pulaski 
Sequoyah 
Austin °__ 
Dallas 
Salt Lake City « 
Burlington ¢_ 
Norfolk « 
Seattle « 
Spokane oer 
Benton County -_ - 
Franklin County 
Longview ____ S 
oe point, Idaho 
POves agit County _- 
W. Va: Charleston “re ae a 
Wise: Milwaukee °___ 
Wyo: Laramie ¢ 


coamoococeco 
wowoconwoooonr 


P 
Pp 
P 
P 
P 
Y 
P 
P 
4 
P 
P 
P 
P 
P 
4 
P 
P 
g 
P 
of 
P 
: 
P 
P 
P 
P 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
P 
P 
P 
P 
P 


MAD UDUNAD 
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os 


ee 
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es) 
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See footnotes at end of table. 
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Table 2. 


Concentrations of radionuclides in milk for March 1974 and 12-month period, 


April 1973 through March 1974—continued 


‘ : Type 
Sampling location of 
sample * 





CANADA: 


Alberta: Calgary --------- 
Edmonton 
British Columbia: Vancouver 
Manitoba: Winnipeg 

New Brunswick: Moncton 
Newfoundland: St. John’s 

Nova Scotia: Halifax 

Ontario: Ottawa 

Sault Ste. Marie 
Thunder Bay - - 
Toronto 
Windsor 
Montreal 
Quebec 

Regina 
Saskatoon 


Quebec: 


Saskatchewan: 


vuuyuUUVUY UU UU UUU'U 


CENTRAL AND SOUTH AMERICA: 
Canal Zone: Cristobal ¢ 

hile: Santiago ___-_- 
Colombia: Bogota 
Ecuador: Guayaquil 
Jamaica: Montego Bay 
Puerto Rico: San Juan °_-_- 
Venezuela: Caracas _-_- 


PMN network average 4 


a-ha ha~he-he-ha-ha-] 





« P, pasteurized milk. 
R, raw milk. 


> When an individual sampling result was equal to or less than the practical meenns level, a value of “0” 
Monthly averages less than the practical reporting level reflect the fact that some b 





Radionuclide concentration 
(pCi /liter) 


Strontium-90 


Monthly 12-month 
average > | average 


Monthly 
average > 


12-month 
average 


CON NIN GO OA Ore 
Oh OAIN EF AOCHKANAS AS 
CBAAKK FPODOADOOAICH 
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nNwewr--ooco 





was used for averaging. 
ut not all of the individual samples making up the 


average contuined levels greater than the practical reporting level. When more than one analysis was made in a month period, the number 


of samples in the monthly average is given in parentheses. 


¢ Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 
4 This entry gives the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


stations and the State stations is shown in 
figure 2. The first column in table 2 under 
each of the reported radionuclides gives the 
monthly average for the station and the num- 
ber of samples analyzed in that month in 
parentheses. When an individual sampling re- 
sult is equal to or below the practical reporting 
level for the radionuclide, a value of zero is 
used for averaging. Monthly averages are cal- 
culated using the above convention. Averages 
which are equal to or less than the practical 
reporting levels reflect the presence of radio- 
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activity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preced- 
ing 12 monthly averages, giving each monthly 
average equal weight. Since the daily intake 
of radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month aver- 
age serves as a basis for comparison. 














Figure 2. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for March 1974 
and the 12-month period, April 1973 to March 
1974. Except where noted, the monthly average 
represents a single sample for the sampling 
station. Strontium-89, iodine-131, and barium- 
140 data have been omitted from table 2 since 
levels at all of the stations for March 1974 
were below the respective practical reporting 
levels. 

Strontium-90 monthly averages ranged from 
0 to 17 pCi/liter in the United States for 
March 1974 and the highest 12-month average 
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State and PMN milk sampling stations in the United States 


was 16 pCi/liter (Little Falls and Duluth, Minn.) 
representing 8.0 percent of the Federal Radia- 
tion Council radiation protection guide. Cesium- 
137 monthly averages ranged from 0 to 59 
pCi/liter in the United States for March 1974, 
and the highest 12-month average was 48 pCi 
liter (Southeast Florida) representing 1.3 per- 
cent of the value derived from the recommenda- 
tions given in the Federal Radiation Council 
report. 

The Office of Radiation Programs is in the 
process of modifying the milk program to make 
it more responsive to potential sources of en- 
vironmental radioactivity. These changes will 
be reflected in future articles. 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and States agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 
California Diet 
Carbon-14 in Total Diet and 

Milk 
Strontium-90 in Tri-City 
Diets 


Period reported 
July 1971-December 1972 


1972-1973 


1972 


Networks presently in operation and re- 
ported routinely include those listed below. 
These networks provide data useful for devel- 
oping estimates of nationwide dietary intakes 
of radionuclides. Programs reported in Radia- 
tion Data and Reports are as follows: 


Issue 
February 1974 


November 1973 


December 1973 
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SECTION Il. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4) set 
the limits for approval of a drinking water 
supply containing radium-226 and strontium- 
90 at 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 
California 





Period reported 


Higher concentrations may be acceptable if the 
total intake of radioactivity for all sources re- 
mains within the guides recommended by FRC 
for control action. In the known absence’ of 
strontium-90 and alpha-particle emitters, the 
limit is 1000 pCi/liter gross beta radioactivity, 
except when additional analysis indicates that 
concentrations of radionuclides are not likely 
to cause exposures greater than the limits indi- 
cated by the Radiation Protection Guides. Sur- 
veillance data from a number of Federal and 
State programs are published periodically to 
show current and long-range trends. Water 
sampling activities reported in Radiation Data 
and Reports are listed below. 


* Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter 
for unidentified alpha-particle emitters and strontium- 
90, respectively. 


Issue 





1971 and 1972 


November 1973 


Colorado River Basin 
Community Water Supply Study 
Florida 
Interstate Carrier Drinking 
Water 
Minnesota 
New York 
North Carolina 
Radiostrontium in Tap Water, HASL 
Washington 


1968 
1969 
1970 


March 1972 
September 1972 
April 1974 


1971 

July 1971—June 1972 
January—December 1972 
1971 

January—December 1972 
July 1970-—June 1971 


May 1972 
March 1974 
June 1974 

July 1974 
December 1973 
August 1973 
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Radioactivity in Kansas Surface Waters, January-December 1972 


Radiation Control Section 
Kansas State Department of Health 


Monitoring of levels of radioactivity in the 
surface waters of Kansas is conducted by the 
Kansas State Department of Health, Radiation 
Control Section, in cooperation with the Kansas 
Water Quality Control Section and the U.S. 
Geological Survey. This surveillance program 
is important because of both the present and 
future potential use of Kansas surface waters 
for domestic, recreational, and industrial pur- 
poses. 

Liter samples are collected every month at 
each location shown in figure 1. These samples 
are analyzed for gross alpha and beta radio- 
activity. In order to establish baseline data for 
the two power reactors which are located on 
the Missouri River in Nebraska, each Missouri 
River sample is gamma scanned for specific 
radionuclides. Specific radionuclide analyses are 
also performed on any other samples which 
indicate high gross alpha-beta activity. Radio- 
activity in these waters consists of the natural 
radioactivity picked up by flowing streams, 
radioactivity from sewage discharge into the 
streams, and some contribution by industrial 
waste. The final contributing factor to radio- 


activity content is fallout, particularly over 
large expanses of open water, such as reser- 
voirs and lakes. 


Analytical procedures 


Radioactivity analyses are performed by the 
Kansas Radiation Laboratory. Measurements 
of gross alpha-plus-beta radioactivity are made 
with a windowless’ gas-flow proportional 
counter. Each sample is evaporated in an alu- 
minum planchet, dried at 250° C, and then 
counted. Specific radionuclide analyses are de- 
termined by gamma spectroscopy or chemical 
separation. 


Discussion 


Table 1 shows the gross alpha and gross 
beta radioactivity in the total solids in Kansas 
surface waters from January through Decem- 
ber 1972. These waters are used for domestic, 
industrial, and recreational purposes. The Ar- 
kansas River samples have consistently high 
activity which is attributed to uranium picked 
up from its drainage in Colorado. 























Figure 1. 


Kansas surface water sampling stations 
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Arkansas 


Rig Blue. --- 
Fall 
Kansas --- 


Marais des Cygnes_ = 


Missouri 
Neosho 
Ninnescah 
Republican 


Saline _-_-_- 
Smoky Hill _- 
Solomon __-_ 
Spring - - - 
Verdigris - 


Walnut - - 


Rivers 


Arkansas - - 


Big Blue--- 
See 

Kansas --- 

Marais des Cygnes 

Missouri . 

Neosho 

Ninnessah 

Republican _ 


Saline... .-- 
Smoky Hill 
Solomon... -- 
Spring - - - 
Verdigris _ 


Walnut - _ - 


NS, no sample. 
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Table 1. Gross radioactivity in Kansas surface waters, January-June 


Sampling stations 


Arkansas City 
Dodge City --_- 
Syracuse 
Manhattan 
Fredonia 
Lecompton 
Ottawa 
Kansas City- 


| Rulo, Nebr 
| Council Grove 


Parsons _ - J 
Cheney Reservoir - 
Peck 

Concordia 

Milford _ - 
Tescott_ 
Ellsworth 

Langley 

Glen Elder - -_- 
Baxter Springs 
Coyville sae 
Independence _ 
Winfield - 


Sampling stations 


Arkansas City- --- 
Dodge City - 
Syracuse - - - 
Manhattan - 
Fredonia 
Lecompton 
Ottawa . 
Kansas City _ - 
Rulo, Nebr 
Council Grove 
Parsons _ - ; 
Cheney Reservoir - 
Peck 

Concordia 

Milford 

Tescott _ . . .- 
Elisworth 

Langley 

Glen Elder _ - 
Baxter Springs - - 
Coy ville _. - - - 

Inde pendence 
Winfield 


January 
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ERAMS Surface and Drinking Water Components 


January-March 1974 


Office of Radiation Programs 
Environmental Protection Agency 


The Environmental Radiation Ambient Mon- 
itoring System (ERAMS), which began in 
July 1973, was developed from previously oper- 
ating radiation monitoring networks to form a 
single monitoring system which is more respon- 
sive to current and projected sources of envi- 
ronmental radiation. 


Present network 


The ERAMS Surface and Drinking Water 
Components are an expansion of the previous 
Tritium Surveillance System which was oper- 
ated by the Office of Radiation Programs from 
1970 through June 1973. The Drinking Water 
Component consists of 76 quarterly drinking 
water samples taken from major population 
centers and selected nuclear facility environs 
(figure 1). The analyses include (a) tritium on 


a quarterly basis, (b) gamma scan, gross alpha 
and gross beta radioactive measurements an- 
nually with radium-226 and strontium-90 meas- 
urements if the gross alpha or gross beta radio- 
activity exceed 3 or 10 pCi/liter, respectively, 
and (c) an annual composite for plutonium-238 
and -239 on 19 selected sampling locations. 
The Surface Water Component consists of 55 
quarterly surface water samples downstream 
from nuclear facilities or at a background sta- 
tion (figure 2). The location of the sampling 
sites was based on all nuclear facilities that 
were operating, being constructed, or planned 
through 1976. Tritium analyses are performed 
quarterly and gamma scans annually. In addi- 
tion to these components of ERAMS, precipi- 
tation samples will be collected at 19 selected 
locations (figure 1) and tritium measurements 





Figure 1. 
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ERAMS drinking water component and precipiation sampling locations 
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are performed on the monthly composite from Table 1. ERAMS Drinking Water Component, 
each station. These 19 locations correspond to Ciel severance _— 

air and drinking water sampling locations se- Date Tritium 
lected for plutonium analyses. Plutonium-238 ssoenaees oment parry 
and -239 analyses are performed annually on ee eee 


precipitation samples collected in April when . 


elevated levels of rainfall are expected. —— 
IN, 66d in ccna de , 


re [Sa 
Results and discussion a. woo" 
Platteville 


Table 1 presents the tritium concentrations in - So 


3 Wilmington 
drinking water at the Drinking Water Com- — nn. 


Miami _- - 


ponent stations for January—March 1974. The ‘ Benin 


average tritium concentration was 0.2 nCi/ ti: Homaluie 
° 2 £_eeeerew 
liter . Idaho Falls. 

In previous articles on the Tritium Surveil- aS 


Morris- 
lance System, the reported dose equivalents oom veo 
from tritium in body water have been based on = Yiiine. NEw Orleans 


Augusta 


a relationship derived by Moghissi and Porter ™% Baltimore -- 


Conowingo- - - --- 


(1). Their relationship assumed a quality fac- “**' ewrenee 


tor of 1.7 for tritium beta rays based on a 1966 ea 


ICRP recommendation (2). Recently, the  “i™™ Minngapolis 


NCRP has recommended a quality factor of 1 = 


Jefferson City 
for tritium beta rays (3) and this reeommenda- Nant jfielena 


Lincoln 


tion has been adopted for this and subsequent Ny. [ss Yeess 


Concord 


reports. Following the notation adopted by the “7 {enter 


Waretown 


ICRU (4) substitution of a quality factor of 1 ie 


Albany 
in Moghissi and Porter calculations yields: Rat York City 
Syracuse - - 
Charlotte 
Wilmington 


H (mrem/year) — 0.1 C (nCi/liter) oe eo 


Cincinnati 


wroye 
3aZyeaPR 
Anas 
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—) —- of 


—oOnm 
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East Liverpool 
Painesville 
Toledo 


Where H is the dose equivalent rate and C Se. 


+4 . : a: ‘olum bit 
represents the tritium concentration in body ee 


Harrisburg 
° ~~ ° ittsb I 
water in nCi/liter. . 


San Juan 


It can be assumed for the purpose of calculat- 22:  Kroyidence- 


Anderson _. 


ing dose to members of the population that if —- 


Hartsville - - 


the concentration of tritium in all water taken _—_ 


Chattanooga -- 


into the body is equal to that found in drinking ao 


Austin 
water and also if that the specific activity of a 
tritium in the body is essentially the same as Wash: Richland” 
that in the drinking water, then the radiation ec. 


Genoa... 
dose may be estimated. gence pa 
The highest individual concentration of tri- AvEngR =; 
tium observed in drinking water was 3.1 nCi * The minimum detection limit for all samples was 0,20 nCi /liter. All 
liter during the fourth quarter. This corre- aes SE ne ape ae ee ee ee 
sponds to a dose of 0.3 mrem/a. en rr See 
The tritium concentrations for the Surface 
Water Component samples are given in table 2. 
The highest tritium concentration was 4.9 nCi/ 
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Table 2. ERAMS Surface Water Ceapeneet, sar -March 1974 





Collection Concentra- 
Location | Water source d tion* (nCi/ Facility 
liter +20)> 


Decatur . Tennessee River . 
Gordon.- Chattahoochie River 
Little Rock Arkansas River 
Clay Station | Folsom S. Canal 
Diablo Canyon .| Pacific Ocean 
Eureka __- . Humboldt Bay 
San Onofre Pacific Ocean 
Colo: Greely - - oul dere South Platte River 
Conn: East Haddam___-- .| Connecticut River 
Waterford E : Long Island Sound - 
Crystal River Gulf of Mexico-_- 
Ft. Pierce _ - Atlantic Ocean 
Homestead _ - Biscayne Bay 
Baxley _ - Altamaha River 
Buhl Snake River 
Moline wand Mississippi River 
Morris ‘ Illinois River - 
Zion : ..| Lake Michigan 
Palo a ey: Cedar River 
New Orleans es Mississippi River 
Wiscasset Montseway Bay 
Conowingo - - - Susquehanna River - 
Lusby Chesapeake Bay 
Plymouth _ - - ...--| Plymouth Bay 
Rowe | Deerfield River 
Bridgman Lake Michigan - 
Charlevoix ‘ Lake Michigan 
Monroe _ - Lake Erie 
South Haven_ -_- .| Lake Michigan 
Monticello “ Mississippi River 
Mississippi River-_ - -- 
desi Missouri River 
Boulder C _ Ae Colorado River 
Bayside - belie Delaware River 
Oyster Creek______- Toms River _- 
ini . Hudson River 


Browns Ferry, Sequoyah & Oak — > 
Joseph M. Farley a ‘ 

Arkansas Nuclear One - 

Rancho Seco_- 

Diablo Canyon 

Humboldt Bay 

San Onofre - 

Fort St. Vrain _ - 

Haddam Neck & Vermont Yankee 
Millstone ‘ i 

Crystal River 
St. Lucie 
Turkey Point -_ _- 
Edwin T. Hatch _-_- ; 
National Reactor Testing Station _ - 
Quad-Cities, Genoa, Prairie Island & Monticello_- 
Dresden & Argonne. 
Zion 

Duane Arnold 
(Several) “ 
Maine Yankee __ 

Peach Bottom & Three Mile Island - 

Calvert Cliffs - 

Pilgrim 

Yankee __ tie 

Donald C. Cook 

Big Rock Point 

Enrico Fermi -_ - 

Palisades 

Monticello - 

Prairie Island & Monticello. 

Fort Calhoun & Cooper --_- 

Background 

Salem __-_. 

Oyster Creek 

Indian Point 

Nine Mile Point, James A. Fitzpatrick 4 & R. E. Ginna 
Backgroun ‘“ 

Wm. B. McGuire _- 

Brunswick - sien 

Davis-Besse _ 

Trojan & Hanford - tee 

Savannah River Plant & Oconee-__- 

H. B. Robinson _ - : . 

Sequoy ah & Oak Ridge. elie 

Oak Ridge -- - 

Los Alamos 

Vermont Yankee - 

North Anna 

Surry - 

Background _ mera 

Hanford - — 

Shippingport & Beaver Valley --- 

Point Beach & Kewaunee 


on 


So te 


tt et et ht CO CD CO et 
ones 
DO-1-H DAROD 


<“32 
3 Ne 
eer” 


al. Laplenlanlaalanlenlanlan an anenlenl Lapenanlaen 
ra 7 7 Sale i] na 
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tw, 
Ba 


nen Lake Ontario 
Poughkeepsie -_.-.......| Hudson River 
Charlotte ____- a ..| Catawba River 
Southport J Atlantic Ocean 

Oak Harbor - - - ‘ Lake Erie - ane 
Westport ..| Columbia River - 
Allendale - ? Savannah River 
Hartsville - _ _ ---- 2 Lake Robinson 
Daisy - - - sunnlitooliks Tennessee River 
Kingston _- inte Clinch River 

El Paso---- . Rio Grande oak 
Vernon..--- __.| Connecticut River _-- 
Mineral - aoe North Anna River 
Newport News__- .| James River aa 
Northport. _-_-- Columbia River - - - - 
Richland - - _ _- ...---| Columbia River _- 
Wheeling --- -- nA Ohio River ---_------ 
Two Creeks......._.....| Lake Michigan_- 

V Vietory .| Mississippi River -- . 


Pr edabadas 
nee Seesnun... 
eASOMWOBDAANAKCOF NNwNnwa 





rt fre fh fh oh NS) nt 


Average. . 











* The minimum detection limit for all samples is 0.20 nCi /liter. All values ae to or less than 0.20 nCi /liter before ntitatiien have been waa as 
zero. 


> The 2e error for all samples is 0.2 nCi/liter unless otherwise noted. 
NS, no sample. 


liter for the quarter. Assuming that the specific Other coverage in Radiation Data and Reports: 

activity of tritium in the body is essentially the Period Issue 

same as that in surface water, this concentra- January-March 1973 July 1973 

tion corresponds to a dose of 0.5 mrem/a. Fulp-Beptessber 1978 nage i 
The monthly analyses for tritium in precipi- October-December 1973 June 1974 

tation samples at the selected stations are 

shown in table 3. 
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Figure 2. ERAMS surface water component sampling stations 


Table 3. Tritium concentration in precipitation, 
January-March 1974 





Tritium concentration * 
(nCi /liter + 20) 
Location = 


January 


February 


March 


Montgomery 
Berkeley hiakeoe 
Los Angeles --_- 
Denver 


New York City 

: Bismarck 
Cincinnati ” 
Oklahoma City- - -- 
Portland --_- 
Pittsburgh - - 
Anderson 
Columbia - - - 
Knoxville - - - 
Lynchburg 











* The minimum detection limit for these samples was 0.20 nCi /liter. All 
values equal to or less than 0.20 nCi/liter before rounding have been 
reported as zero. The 2¢ error for all samples is 0.2 nCi /liter unless other- 
wise noted. 

NS, no sample. 
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SECTION If]. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental fis- 
sion product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross beta 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of pro- 


Network 
Fallout in the United States 


grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, and the Pan American 
Health Organization. 

In addition to those programs presented in 
this issue, the following programs were covered 
previously in Radiation Data and Reports. 


Period Issue 








and other areas, HASL 
Krypton-85 in air 
Mexican air monitoring program 
Plutonium in airborne 
particulates 


1971 
July 1970-1972 
July—December 1973 


August 1973 
March 1974 
May 1974 


April-June 1973 June 1974 
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l. Radiation Alert Network 
March 1974 


Eastern Environmental Radiation Facility 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radia- 
tion Alert Network (RAN). Samples are col- 
lected at 68 locations throughout the country 
(figure 1). Most of the stations are operated 
by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the 
radon daughter products have decayed, and at 
29 hours after collection, when most of the 
thoron daughter products have decayed. The 
airborne particulate samples and precipitation 


samples are sent to the Eastern Environmental 
Radiation Facility for further analysis. All 
field estimate results are reported to appropri- 
ate Environmental Protection Agency officials 
by mail or telephone depending on levels found. 
A compilation of the daily measurements is 
available upon request from the Eastern Envi- 
ronmental Radiation Facility, Montgomery, 
Ala. 36109. A detailed description of the sam- 
pling and analytical procedures was presented 
in the March 1968 issue of Radiological Health 


Data and Reports. 


Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate and laboratory techniques 
during March 1974. 

The Office of Radiation Programs is in the 
process of modifying the air program to make 
it more responsive to potential sources of en- 
vironmental radioactivity. These changes will 
be reflected in future articles. 
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Figure 1. 
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Radiation Alert Network sampling stations 








Table 1. 


Gross beta radioactivity in surface air and precipitation, March 1974 


Gross beta radioactivity 


Precipitation 
(pCi /m!) 





Number 
Station location * 


5-hour field estimate 


Laboratory measurement Laboratory estimate 


of deposition 











Maximum | Minimum | Average > 


Depth 
Maximum | Minimum Average > (mm) deposition 
(nCi /m?) 





Montgomery 

: Anchorage 
Berkeley 7 
Los Angeles 
Denver ee 4 
Idaho Falls. --~.-_- 
Indianapolis 
Las Vegas _. 

: Santa Fe . 

: Buffalo 

<: Bismarck 
Columbus.......... 
Oklahoma City 
Portland 
Harrisburg -_- - - 
Columbia 
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® The remaining stations are on standby status. 

















> The monthly average is calculated by weighting the estimates of individual air samples with length of sampling period. 





2. Air Surveillance Network 
March 1974 


National Environmental Research Center— 
Las Vegas 
Environmental Protection Agency 


The Air Surveillance Network,’ operated by 
the National Environmental Research Center 
—Las Vegas (NERC-LV), consists of 49 active 
and 72 standby sampling stations located in 21 
western States (figures 2 and 3). The network 
is operated in support of nuclear testing spon- 
sored by the U.S. Atomic Energy Commission 
(AEC) at the Nevada Test Site (NTS), and 
at any other designated testing sites. 

The stations are operated by State health 
department personnel and by private individ- 
uals on a contract basis. All active stations are 


* This network is operated under a Memorandum of 
Understanding (No. AT 26—-1)-539) with the Nevada 
Operations Office, U.S. Atomic Energy Commission. 
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operated continuously with filters being ex- 
changed after periods generally ranging from 
48 to 72 hours. All samples are mailed to the 
NERC-LV unless special retrieval is arranged 
at selected locations in response to known re- 
leases of radioactivity from the NTS. A com- 
plete description of sampling and analytical 
procedures was presented in the February 1972 
issue of Radiation Data and Reports. 

Table 2 presents the average gross beta con- 
centrations in air for each of the network sta- 
tions. The minimum reporting concentration 
for gross beta activity is 0.1 pCi/m*. For re- 
porting purposes, concentrations less than 1.0 
pCi/m* are reported to one significant figure, 
and those equal to or greater than 1.0 pCi/m* 
are reported to two significant figures. For 
averaging purposes individual concentrations 
values less than the minimum detectable con- 
centration (~0.03 pCi/m‘ for a 700 m* sample) 
are set equal to the minimum detectable concen- 
tration (MDC). Reporting an drounding-off 
conventions are as follows: 
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Reported value of Reported value of 
Concentration concentration above MDC concentration below MDC 
(pCi/m*) (pCi/m*) (pCi/m*) 
<0.05 <0.1 <0.1 
>0.05, <0.15 0.1 <0.1 
>0.15 As calculated and rounded < calculated MDC 
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Figure 2. NERC-LV Air Surveillance Network stations in Nevada 
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Figure 3. NERC-LY Air Surveillance Network stations outside Nevada 
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Station location 


Kingman 
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Death Valley Junction 
Furnace Creek__- 

Lone Pine- - - - - 


Ridgecrest 
Shoshone 


Currant Ranch 
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Table 1. Summary of gross beta radioactivity concentrations in air, March 1974 


Concentration 
(pCi/m!) 





Maximum| Minimum | Average * 
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* Individual values less than the minimum ‘detectable concentration (MDC) are set equal to the MDC for 
averaging. A monthly average less than the minimum reportable value of 0.1 pCi/m!? is reported as <0.1. 


As shown by table 2, the highest gross beta 
concentration within the network was 1.6 
pCi/m* at Alamo, Nev. 

From gamma spectrometry results, fission 
products in varying combinations of zirconium- 
95, ruthenium-103, and cerium-141 were iden- 
tified on filters collected in Arizona, California, 
Nevada, and Utah. The highest concentrations 
of these radionuclides, respectively were 0.41 
pCi/m* (Blue Eagle Ranch, Currant, Nev.), 
0.36 pCi/m* and 0.28 pCi/m* (Alamo, Nev.). 
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These radionuclides are attributed to annual 
worldwide fallout. No radionuclides were iden- 
tified by gamma spectrometry on any charcoal 
cartridges during March. 

Complete copies of this summary and listings 
of the daily gross beta and gamma spectrom- 
etry results are distributed to EPA Regional 
Offices and appropriate State agencies. Addi- 
tional copies of the daily results may be ob- 
tained from the NERC-LV upon written 
request. 
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. Canadian Air and Precipitation Monitoring 


Program,’ March 1974 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Bureau of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 4), where the sam- 
pling equipment is operated by personnel from 
the Atmospheric Environment Service of the 
Department of the Environment. Detailed dis- 
cussions of the sampling procedures, methods 
of analysis, and interpretation of results of the 
radioactive fallout program are contained in 
reports of the Department of National Health 
and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and 
Reports. 


* Prepared from information and data obtained from 
the Canadian Department of National Health and 
Welfare, Ottawa, Canada. 


Surface air and precipitation data for March 
1974 are presented in table 3. 


Table 3. Canadian gross beta radioactivity in surface air 
and precipitation, March 1974 





Air surveillance | 
gross beta 
radioactivity 
(pCi /m*) 


Precipitation 
measurements 
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concen- 


Maxi- | Mini- 
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Figure 4. Canadian air and precipitation sampling stations 
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4. Pan American Air Sampling Program 


March 1974 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were de- 
scribed in the March 1968 issue of Radiological 
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Figure 5. Pan American Air Sampling Program stations 


Health Data and Reports. The March 1974 air 
monitoring results from the participating coun- 
tries are given in table 4. 


Table 4. Summary of gross beta radioactivity in 
Pan American surface air, March 1974 





Gross beta 
radioactivity 
(pCi /m!) 
Station location 





| 
Maxi- Mini- | Aver- 
age * 





Argentina: Buenos Aires 
Bolivia: La Paz 
Chile: Santiago 
Colombia: Bogota 
Ecuador: 4 ‘ .01 
Guayaquil ° ° .02 
Quito e J .01 
Georgetown 
Kingston 


Guyana: 
Jamaica: 





Peru: Li | 
Trinidad and Tobago: Port of Spain. - --| 
Venezuela: Caracas 10 


Pan American summary 


-01 








| 06 | .o2 | .04 





| 88 | 0.10 | 0.00 | 0.02” 


* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m* are reported 
and used in averaging as 0.00 pCi /m‘. 
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5. California Air Sampling Program 
March 1974 


Radiologic Health Section 
California Department of Health 


The Radiologic Health Section of the Cali- 
fornia Department of Health with the assist- 
ance of several cooperating agencies and orga- 
nizations operates a surveillance system for 
determining radioactivity in airborne particu- 
lates. The air sampling locations are shown in 
figure 6. 


One of the objectives of the program is to 
evaluate the possibility that fixed effluent 
sources contribute to particulate activity in the 
air. Consequently, data from continuous air 
samplers placed in proximity to nuclear facili- 
ties are compared with those from similiar 
equipment in nearby communities and at sev- 
eral “background” stations.’ 

Airborne particles are collected by a con- 
tinuous sampling of air filtered through a 47 

*Air samples near nuclear power reactors were 
obtained under contract number AT(49-1)-3549 be- 


tween the U.S. Atomic Energy Commission and the 
California Department of Health. 
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Figure 6. California air sampling program stations 
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millimeter membrane filter, 0.8 micron pore 
size, using a Gast air pump of about 2 cubic 
feet per minute capacity, or 81.5 cubic meters 
per day. Air volumes are measured with a 
direct reading gas meter. Filters are replaced 
every 24 hours except on holidays and week- 
ends. 

All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Health. The filters are analyzed for gross 
alpha and beta radioactivity 72 hours after the 
end of the collection period. The daily samples 
then are composited into a monthly sample for 
gamma spectroscopy and an analysis for stron- 
tium-89 and strontium-90. The monthly sample 
results are presented quarterly. Table 5 pre- 
sents the gross beta radioactivity in air for 
March 1974. 


Table 5. Gross beta radioactivity in California air, 


March 1974 





Gross beta 
radioactivity 


é : (pCi/m?) 
Station location 








Berkeley 

Diablo Canyon Nuclear Power Plant 
El Centro ‘ 

Eureka 

EE Te Se eee q 
Humboldt Bay Nuclear Power Plant-- 

Los Angeles. _......._-.- 

Rancho Seco Nuclear Power Plant __--- 
Redding-. 

Sacramento 

Salinas 
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San Diego | ¢ 
San Luis Obispo----_- 

San Onofre Nuclear Gene jerating Station _| 
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Fallout in the United States and Other Areas ° 
January—December 1972 


Health and Safety Laboratory 
Atomic Energy Commission 


Monthly fallout deposition rates for stron- 
tium-90 are determined by the Health and 
Safety Laboratory (HASL) for 35 sites in the 
United States and 90 locations in other coun- 
tries. HASL data from all of the active United 
States stations and other selected points in the 
Western Hemisphere (figure 1) covering the 
period from January—December 1972 are sum- 
marized in tables 1 and 2. 

All the stations of the 80th Meridian Net- 
work are represented. 


Methods of collection 


Two methods of fallout collection are em- 
ployed by HASL. In the first, precipitation and 
dry fallout are collected for a period of 1 month 
in a stainless steel pot with an exposed area of 
0.076 m*. At the end of the collection period, 


*The data in this article were taken from “Fallout 
Program Quarterly Summary Report, HASL-278,” 
APP:Al1 to A-320. 
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the contents are transferred, by careful scrub- 
bing with a rubber spatula, to a polyethylene 
sample bottle which is then shipped to the 
laboratory for analysis. 

The second method involves the use of a 
polyethylene funnel, with an exposed area of 
0.072 m?’, attached to an ion exchange column. 
After a 1-month collection, the inside of the 
funnel is wiped with a tissue, and the tissue is 
inserted in the end of the column, which is 
then sealed and sent to HASL for analysis. It 
has been shown that at the 95-percent con- 
fidence level there are no significant differences 
in the strontium-90 measurements obtained 
from samples collected by the two methods (1). 


REFERENCE 


(1) ONG, L. D. Y. Homogeneity between pot and ion 
exchanges column strontium-90 measurements. Fall- 
out Program Quarterly Summary Report, HASL- 
135 :256-269. Office of Technical Services, Department 
of Commerce, Washington, D.C. (April 1, 1963). 
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Figure 1. HASL fallout sampling stations in the Western Hemisphere 
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SECTION IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


OTHER DATA 


from human bone sampling, Alaskan surveil- 
lance and environmental monitoring around 
nuclear facilities. 





Environmental Levels of Radioactivity 
Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors annual reports 
on the levels of environmental contaminants 
including radioactivity in the vicinity of major 
Commission installations. The reports include 
data from routine monitoring programs where 
operations are of such a nature that plant en- 
vironmental surveys are required. From the 
complete environmental monitoring reports 
published in a compendium report entitled 
“Environmental Monitoring at Major U.S. 
Atomic Energy Commission Contractor Sites, 
Calendar year 1972,” WASH 1259, those por- 
tions dealing with radioactivity are summarized 
for Radiation Data and Reports. Statements 
interpreting the radioactivity data are those of 
the USAEC contractors. The units for the data 
as reported in WASH-1259 have been con- 


at Atomic Energy 


verted from the format required by the AEC 
to that used by Radiation Data and Reports. 
The Environmental Protection Agency has not 
independently or critically reviewed the data 
or the conclusions derived therefrom. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Opera- 
tional Safety in directives published in the 
“AEC Manual.” 

Summaries of the environmental radio- 
activity data follow for Argonne National 
Laboratory, Bettis Atomic Power Laboratory, 
and the Paducah Plant. 


* Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 
of the AEC Manual. 





1. Argonne National Laboratory ” 
January—December 1972 


University of Chicago 
Lemont, Ill. 


Argonne National Laboratory (Illinois site) 
is located on a 3740-acre site in DuPage County, 
27 miles southwest of downtown Chicago and 
24 miles west of Lake Michigan. It lies south 
of Interstate Highway 55 and west of Illinois 
Highway 83. The terrain is rolling, partially- 
wooded, former prairie and farmland. The 
grounds contain a number of ponds and small 
streams, the principal one being Sawmill Creek, 
which runs through the site in a southerly 
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direction and enters the Des Plaines River 
about 1.3 miles southeast of the center of the 
site. The land is drained primarily by Sawmill 
Creek, although the extreme southern portion 
drains directly into the Des Plaines River. This 
river flows southwest until it joins the Kan- 
kakee River about 30 miles southwest of the 
laboratory to form the Illinois River. 
Argonne is a multidisciplinary research and 
development laboratory with two principal 
objectives: it carries out a broad program of 
basic research activities, and it serves as an 


* Summarized from “Environmental Monitoring at 
Major U.S. Atomic Energy Commission Contractor 
Sites—Argonne National Laboratory Annual Report 
for 1972.” 
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important center for the design and develop- 
ment of nuclear reactors. Most of the basic 
research is concerned with the application of 
radiation as a tool in the physical and life 
sciences. The reactor effort is devoted largely 
to development of the liquid-metal-cooled fast- 
breeder power reactor. Almost all of the work 
at the laboratory is of an unclassified nature 
and deals with peacetime applications of nu- 
clear energy. 

The principal nuclear facilities at the labora- 
tory are a 5 MW heavy-water cooled and mod- 
erated general-purpose research reactor (CP-5) 
fueled with fully-enriched uranium; a 200 kW 


light-water cooled and moderated biological 
research reactor (JANUS) fueled with fully- 
enriched uranium; a 12.5 GeV proton accelera- 
tor, the Zero Gradient Synchrotron (ZGS) ; 
two critical assemblies, or zero power reactors 
(ZPR-6 and -9), that are fueled at various 
times with plutonium, uranium, or a combina- 
tion of the two; a 60-inch cyclotron; several 
Van de Graaff accelerators; a fuel fabrication 
facility designed for plutonium usage; and 
several hot cells and laboratories designed for 
work with irradiated fuel elements and with 
multicurie quantities of the actinide elements. 

The radioactivity of the environment was 
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Onsite sampling locations at Argonne National Laboratory 





determined by measuring the concentrations of 
radioactive nuclides in  naturally-occurring 
materials and by measuring the external pene- 
trating radiation dose. Sample collections and 
measurements were made both on and off the 
site for comparison purposes. Since radio- 
activity is usually spread by air and water, the 
sample collection program has concentrated on 
these media. In addition, soil, plants, milk, pre- 
cipitation, animals, and material from the beds 
of lakes and streams were also collected and 
analyzed. The results included in this report 
are those that are pertinent to the evaluation 
of Argonne’s contribution to the ervironmental 
radioactivity and to the differentiation of 
Argonne activity from fallout and other 
sources. 

When a nuclide was not detected, the result 
is given as less than (<) the minimum amount 
detectable (detection limit) by the analytical 
method used. Averages including individual 
results that were less than the detection limit 
were calculated by one of the following two 
methods. If the bulk of the individual results 
was less than the detection limit, the average 
was calculated with the assumption that such 
results were equal to the detection limit, and 
the resulting average value is expressed as less 
than the computed average. If only a small 
fraction of the individual results were less than 
the detection limit, the average was calculated 
with the assumption that such results were 
actually one-half of the detection limit, and 
the average is given as a positive value. The 
averages that are obtained by using these two 
methods under the conditions indicated are 
believed to give an adequate picture of the true 
average activity at locations where the activity 
not only varied greatly, but at times was not 
detectable. 

Average values are usually accompanied by 
a plus-or-minus (+) limit value. This value is 
the 95-percent confidence limit calculated from 
the standard deviation of the average and is a 
measure of the range in the activities en- 
countered at that location. It does not represent 
the conventional error in the average of re- 
peated measurements on the same or identical 
samples. Since many of the variations that 
occur in environmental radioactivity are not 
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random but occur for specific reasons (e.g., 
nuclear testing), samples collected from the 
same location at different times are not repli- 
cates. The more random the variation in 
activity at a particular location, the closer the 
confidence limits will represent the actual dis- 
tribution of values at that location. The aver- 
ages and confidence limits should be interpreted 
with this in mind. When a =+ figure accom- 
panies an individual result in this report, it 
represents the statistical counting error at the 
95-percent confidence level. 

Where environmental quality standards have 
been established, the measured concentration 
or radiation dose is compared with the stand- 
ard as a means of assessing its hazard. Unless 
otherwise specified, the standards used in this 
report are those given in AEC Manual Chapter 
0524. 


Radioactivity in air 

The radioactivity of particulate matter in 
air was determined by drawing air through 
filter paper at a known rate and measuring 
the radioactivity of the particles collected by 
the paper. Samples were collected continuously, 
except for occasional equipment failures, at 
nine locations on the Argonne site and at six 
locations off the site. The sampling locations 
are shown in figures 1 and 2. At one location on 
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Figure 2. Location of Argonne National Laboratory 
(including some offsite sampling locations) 
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the site, the filter paper was changed daily; 
at all other locations, the filter papers were 
changed at weekly intervals. The daily samples 
record short-term changes in radioactivity, 
while the weekly samples are used to compare 
onsite and offsite activities. Higher activities 
on the site are indicative of radioactivity re- 
leased by Argonne if the differences are greater 
than the error in sampling and counting. This 
error is between 5 and 20 percent for most 
results, but approaches 100 percent at the 
detection limit. 

The total alpha and beta radioactivities in 
the weekly samples are given in table 1. The 
alpha and beta radioactivities were measured 
in low-background gas-flow proportional count- 
ers, and the counting efficiencies used to con- 
vert counting rates to disintegration rates were 
those measured for radon decay products on 


Table 1. 


filter paper. The average concentrations of a 
number of gamma-ray emitters, as determined 
by gamma-ray spectrometry performed on 
composite weekly samples, are given in table 2. 
The gamma-ray measurements were made with 
a spectrometer that used a shielded 35 cm® 
lithium-drifted germanium diode as the detec- 
tor. The detector was calibrated for each 
gamma-emitting radionuclide given in table 2. 

The activities were very similar on and off 
the site and no significant differences between 
the locations were found. This indicates that 
Argonne did not add detectably to the average 
airborne particulate activity of the environ- 
ment during the year, and that the activities 
originated in widespread sources (such as fall- 
out from nuclear test detonations and naturally- 
occurring materials) and not in localized 
sources (such as the laboratory). 


Alpha and beta radioactivity in air-filter samples,* Argonne National Laboratory, 1972 





Number 
Location of 


Alpha radioactivity 
(Ci /m4) pCi /m) 


Beta radioactivity 
(pCi /m* 





samples 


Maximum 


Minimum Average Maximum Minimum Average 





40 
22 


32 
21 


34 
26 


34 
21 


35 
23 


34 
24 


0.26 0.042 0.11 
-22 -023 13 


13 -062 -O87 
-23 -041 .095 


-10 .046 .075 
-ll -035 -078 


.32 -045 .094 
37 -058 -094 


-67 -086 -21 
-60 -065 23 


44 ‘ 21 
30 ° 18 


14 
14 


.072 
.073 


.050 
.048 


.036 
-036 


0382 
.028 


-046 
-040 
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0.097+ 0.035 
0.098 + 0.036 
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* These results were obtained b 
radon and thoron decay products. This activity is norm 
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measuring the samples 4 days after they were collected in order to avoid counting the natural radioactivity due to 
y present in the air and disappears within 4 days by radioactive decay. 


621 
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The alpha radioactivities averaged 25 per- 
cent lower than 1971, but were still in their 
normal range. The alpha emitters in the air 
samples are principally naturally-occurring 
radionuclides. About two-thirds of the gamma 
activity and a smaller fraction of the beta 
radioactivity was due to beryllium-7, produced 
in the stratosphere by cosmic-ray interactions. 
Most of the remaining beta and gamma activity 
was due to fission and neutron activation prod- 
ucts from nuclear test detonations. Except for 
the short-lived fission products, the activities, 
including the naturally-occurring beryllium-7, 
increased in concentration from January to 
May, then generally decreased during the re- 
mainder of the year. This variation can be 
attributed to the usual “spring maximum”’ in 
the stratospheric fallout rate. The fact that 
the concentrations of the longer-lived fission 
products varied in approximately the same 
manner as beryllium-7 (except that they de- 
creased at a greater rate during the latter part 
of the year through radioactive decay and fall- 
out, since, unlike beryllium-7, they are not 
produced continuously) is evidence that the 
bulk of the fission products was also derived 
from the stratosphere. 

The detection of short-lived fission products 
(iodine-131 and barium-140) at all sampling 
locations during the last quarter of 1971 and 
the first half of 1972, indicates the presence of 
fallout from a series of tests conducted during 
this period. The increase in 40-day half-life 
ruthenium-103, 65-day half-life zirconium-95, 
and 32-day half-life cerium-141 in the spring 
implies a recent injection of fission products 
into the atmosphere at high altitudes. The 
variations with time in the concentrations of 
the short-lived fission products correlate with 
the dates of announced nuclear tests. 

The average beta radioactivity for the year, 
0.1 pCi/m*, was about 3 times lower than in 
1971. This was principally due to substantial 
decreases in the concentration of intermediate 
half-life fission products: cerium-144, ruthe- 
nium-106, and zirconium-95. The decreases are 
greater than can be accounted for on the basis 
of radioactive decay. Since the levels of beryl- 
lium-7 have been constant over the past years, 
these lower concentrations indicate a depletion 
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of fission products in the stratospheric reser- 
voir. The results obtained for the air filter 
samples are further summarized in table 3 in 
order to compare the average concentrations 
with the concentration guides. Regardless of 
source, all concentrations were well below the 
AEC standard. 


Table 3. Average particulate radioactivity in air-filter 


samples, ANL, 1972 


bona hy | 

Detee- | AEC 
Radionuclide tion stand- 
limit*® | ard® 


| Concen- | Percent 
| tration | of AEC 
| (pCi/m*) | standard 


(pCi/m*) | (pCi/m*) | 


Antimony-125 oF tee 0.001 900 | 0.001 
Barium-lanthanum-140 .001 1 000 .002 
Beryllium-7-_ __- 5 .001 40 000 099 
Cerijum-141 inate 001 | 000 | .003 
Cerium-144 eS in 001 | 200 010 
Cesium-137 bbe , .001 500 .002 
Cohalt-60_ _ _ hte an .001 300 <.001 
a eae i ae 100 .010 
Manganese-54 .001 000 .001 
Ruthenium-103 ms 001 3 000 .006 
Ruthenium-rhodium-106 _ _ _ _- .001 | 200 | .005 
Zirconium-niobium-95___ _- .001 000 =| .016 
Alpha “phoney | .0002 10 .0024 
Beta scndiccnscacccees| .0005 10 .097 
| | 








® The AEC standards are those given in US AEC Manual Chapter 0524 
for uncontrolled areas. 
> This radioactivity is due to naturally occurring radionuclides. 


Air was sampled continuously for radioiodine 
with activated charcoal in the 200 and 300 
Areas because of the possibility of iodine re- 
leases in these areas. Very small amounts of 
iodine-131, up to 0.15 pCi/m® (0.15 percent of 
the uncontrolled AEC standard), were detected 
in January and February and were probably 
produced in nuclear tests conducted late in 
1971, along with the other short-lived fission 
products found in the air filter samples. No 
iodine radioactivity was detected at any other 
time during the year at either location. 

Air sampling for plutonium was begun in 
March in the northeast area of the site (12N, 
figure 1) and in October at 10H in the 300 
Area close to the center of plutonium usage on 
the site. Offsite sampling for plutonium will 
be initiated early in 1973. Monthly samples 
were collected on a polystyrene filter medium at 
flow rates of 35 or 85 m*/h, depending on the 
sampler. The total air volume filtered for each 
sample was about 30000 and 65000 m’‘, re- 
spectively. Samples were ignited at 600°C to 
remove organic matter and prepared for plu- 
tonium analysis by vigorous treatment with hot 
hydrochloric, hydrofluoric, and nitric acids. 
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This treatment has been found in our laboratory 
to solubilize plutonium that has been ignited 
at 1000°C. The plutonium was separated from 
nitric acid solution on an anion-exchange col- 
umn, electrodeposited, and its composition 
determined by alpha spectrometry. Alpha spec- 
trometry cannot distinguish between plutonium- 
239 and -240, and although in the following 
discussion, and in the tables, only plutonium-239 
is mentioned, it should be understood that the 
alpha radioactivity due to the less abundant 
plutonium-240 isotope is also included. The 
chemical recovery was determined by adding 
a known amount of plutonium-236 tracer to the 
sample before ignition. The chemical separation 
procedure also yields a separated thorium frac- 
tion, and this fraction was also electrodeposited 
and measured in an alpha spectrometer begin- 
1ing with the June samples. To obtain the 
thorium recovery for these samples, thorium- 
234 was added prior to ignition. An aliquot 
of the sample solution was also analyzed for 
uranium by a standard type of fluorophoto- 
metric procedure. The uranium concentrations 
are obtained in mass units by this technique. 
Since the uranium is believed to have the nor- 
mal isotopic composition, the results were con- 
verted to activity units for comparison purposes 
by use of the specific activity of natural 


Table 4. 


uranium, 675 nCi/g. The results are given in 
table 4. 

The plutonium concentrations show the same 
general monthly variation discussed earlier for 
gamma-ray emitters (table 2). The concentra- 
tions are also similar to those reported by other 
investigators (1-2) for samples collected at 
similar latitudes, but away from nuclear in- 
stallations.* The monthly variations and the 
similarities between the samples collected by 
other laboratories indicate that the plutonium 
in the samples on the Argonne site is primarily 
from fallout. The October 10H concentration 
(41 aCi/m*), although within the yearly range, 
does not follow the monthly trend. The reason 
for this discrepancy is not clear, although at 
least two possibilities exist. The concentrations 
of the thorium isotopes are similar in most 
samples, about 20 aCi/m® for thorium-232 and 
thorium-228 and about 30 aCi/m’ for thorium- 
230. The October 10H sample was in this range, 
while the October 12N sample, for some reason, 
filtered relatively few particles and therefore 
the plutonium concentrations in the air were 
actually about four times greater than found 
at 12N. This implies, incidentally, that the 


*E. P. Hardy, Jr.. USAEC Health and Safety 
Laboratory, personal communication (February 20, 
1973). 


Plutonium, thorium, and uranium concentrations in air-filter samples, ANL, 1972 





Month Location | 


Plutonium-239 


September 
October 


November. - -- 
a EE 


Monthly average 
Percent AEC standard 
AEC standard 





Detection limit 


J ——— 


Plutonium-238 


Concentrations 
(aCi/m!) 


Thorium-228 | Thorium-230 | 


Thorium-232 ® 





316+41 
146+ 9 
90+ 8 
17+ 4 
121 +28 
63+ 9 
40+ 8 
79+14 
89+13 
85+18 
125 +30 
83 +29 


118 +52 
(.003) 
4X10> 


20 

















* The concentrations in units of pg/m* can be obtained by multiplying the value in aCi/m! | 1.48 for uranium and by 9 for thorium-232. The 
amounts of the other two thorium isotopes in mass units are negligible in comparison to thorium-232. The average thorium and uranium concentrations are 
240 pg/m! and 170 pg/m*, respectively. 

» Parentheses indicate that the radioactivity is due to the naturally-occurring radionuclide. 
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plutonium fallout rate was unusually high dur- 
ing October. A second possibility is that the 
plutonium-239 fallout was actually closer to 8 
aCi/m® than 40 aCi/m!, and that the additional 
plutonium, about 30 aCi/m* was due to plu- 
tonium from Argonne. An explosion involving 
plutonium occurred in Building 205 (location 
12H), north of the 12N sampler on October 17, 
1972, when the wind was from the north- 
northwest (330°), but was relatively calm 
(about 3-4 mph at the 19 foot level and about 
6 mph at the 150 foot level). However, there 
is no unequivocal corroborating evidence that 
any plutonium escaped from Building 205 since, 
as will be seen, soil samples collected down- 
wind from the building did not confirm a 
release. From whatever sources, the total 
plutonium-239 concentration, 41 aCi/m*, was 
very low compared to the exposure standards, 
0.004 percent of the AEC standard for uncon- 
trolled areas and 0.0001 percent of the AEC 
standards for controlled areas. 

The thorium and uranium concentrations 
given in table 4 are considered to be of natural 
origin. There is no indication that any of 
these elements in the air samples originated at 
Argonne. The percent of AEC standards for 
these activities is included for purposes of 
completeness. 

Air sampling for argon-41, a beta emitter 
with a 1.8 hour half-life that is produced in an 
operating reactor by neutron irradiation of 
the stable argon in air, was conducted near the 
CP-5 reactor (Building 330, 9H, figure 1). 


Samples were collected by filling out an evacu- 
ated “Marinelli type” container once a day 
from 2 to 5 times during each week of reactor 
operation and the argon-41 measured by gam- 
ma-ray spectrometry. Each sampling consisted 
of two “grab” samples, one taken 45 meters 
east of the reactor and one downwind from the 
reactor at a point favorable for detection of 
argon-41. The results are given in table 5. 
Because of the timing and location of the sam- 
ple collection, the actual average concentration 
in the vicinity of the reactor was less than the 
values in the table. The average and maximum 
concentrations of 0.12 and 1.2 »Ci/m® are, re- 
spectively, about 3 and 30 times the AEC 
standard for uncontrolled areas and 0.060 and 
0.6 times the AEC standard for controlled 
areas. In this case, comparison with the AEC 
standard for controlled areas is more appro- 
priate since the sampling is conducted on the 
site and the argon-41 originated in the reactor. 
At the site security fence, the closest uncon- 
trolled approach to the laboratory, the concen- 
trations were less than the detection limit, 20 
nCi/m’. Based on penetrating radiation meas- 
urements, the concentration at the fence aver- 
aged less than 800 pCi/m*, the concentration 
that would give a dose of 10 mrem/year. 
Tritium (tritiated) water vapor in the air 
was monitored on and off the site because sub- 
stantial amounts are in use at the laboratory. 
Water vapor was removed from the air by 
absorption on silica gel and the tritium meas- 
ured by counting the water in a liquid scintilla- 


Table 5. Argon-41 concentrations in air, 300 Area, ANL, 1972 





Concentration 
(nCi /m*) 


Percent of AEC 
standard * 





Average 





January 
February 


OE OALAP AOC 











121425 


a 




















* This is the AEC standard for controlled areas, 
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Table 6. Tritium concentrations in air, 300 Area, ANL, 1972 





Num- 
ber 


(pCi 
Month | 


Concentration 


/m) 





Percent of AEC 
standard * 





Maximum 


Minimum 


| 
Average | Maximum | Minimum 
| 


Average 








September 
October 








Annual summary..| | 1 121 


| 


* This is the AEC standard for uncontrolled areas. 


ion counter. Tritium is produced continuously 
in an operating reactor by several methods. In 
CP-5, the largest source is by neutron irradia- 
tion of the heavy water used for cooling and 
neutron moderating. Air was sampled continu- 
ously for tritiated water vapor at a permanent 
station 45 meters east of the CP-5 reactor, and 
during the first half of the year, 180 meters 
from the reactor in various directions. The 
results, given in table 6, were all positive, al- 
though the concentrations were well below the 
AEC standard. In the uncontrolled area, AEC 
standards are shown in table 6 to allow easy 
comparison with the offsite concentrations dis- 
cussed below. As in the case of argon-41 near 
the reactor, application of the AEC standard 
for controlled areas is appropriate. The percent 
of AEC standard for controlled areas is 25 
times less than the values in table 6. As will 
be seen, normal or background tritium concen- 
trations in air during 1972 ranged from 0.2 to 
8.6 pCi/m® and averaged about 2.4 pCi/m*. 
Near CP-5, the average was 140 pCi/m®* and 
the difference was due to tritium that left the 
reactor building. The average concentration 
near the reactor was almost 3 times lower than 
in 1971 because a leak that developed in the 
heat exchanger last year was repaired. 

As an extension of a study begun in 1971, 
air was also sampled for tritiated water vapor 
at two site security fence locations, 590 meters 
directly west (10E) and 480 meters directly 
south (8H) of the reactor. These two locations 
are the closest uncontrolled approaches to CP- 
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0.94 
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rs 


| 
| 


| 
| 
| 





| 
| 








139422) 0.56 | 0.00047 | 


5. Samples were also collected once a month at 
an onsite location in the East Area, 1800 meters 
northeast of the CP-5 reactor and offsite at a 
location approximately 9.6 km northwest of the 
laboratory. The results are given in table 7. 
The fence line results show good correlation 
with wind direction and indicate that dilution 
to background levels occurs within 450-550 
meters of the reactor in directions other than 
that from which the wind is blowing. The aver- 
age and maximum concentrations were equiva- 
lent to 0.008 and 0.05 percent of the AEC 
standard, respectively. The average fence line 
concentration corresponds to a dose of 0.038 
mrem/year, about 85 percent from Argonne 
operations and the remainder from weapons 
testing. 

The higher concentrations in the east area 
compared to offsite concentrations may also be 
attributed to CP-5. Measurements from previ- 
ous years show that when the wind was from 
the southwest and the tritium concentration 
near the reactor was sufficiently high, measur- 
able increases above the normal background 
level can be observed. 

The offsite concentrations, which may be 
considered as normal for this area, decreased 
by a factor of two over the 1971 values. Most 
of this tritium was produced in nuclear test 
detonations, and a decrease is expected, since 
few atmospheric tests were conducted in 1971 
and 1972. Much of the test-produced tritium has 
been transported from the atmosphere to the 
hydrosphere. 
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Table 7. 


Tritium concentrations in air, Argonne National Laboratory, 1972 





Number 
Location of 
samples 


Month 


Maximum 


January East area 1 


Offsite 1 
February East area 1 
Offsite 1 
March East area 
Offsite 


East area 
Offsite 


ro 


Fast area 
Offsite 


oa an 


South fence (8H)---- 
Fast area 
Offsite 


4] 


ee 
wwOOo Aw BADR wr 
ann Are-) 


CES DNS AD OH 


South fence (8H)--_-- 
East area 
Offsite 





August West fence (10E)__-- 
Fast area 

Offsite 

September South fence (8H)---- 
East area 

Offsite 


ao 





South fence (8H) __--| 
| East rrea 
Offsite 


October 


© 
On Nan 


| South fence (8H) __--| 
| East area budow 
2. eases. 


November 





December West fence 
| East area 
Offsite. _._. 


(10E) 


wom na 
| ® 


Annual summary 


Fence line----.-- 
East area 
Offsite 


a~ 


Concentration 





Percent of AEC standard * 
(pCi/m!) 
| 


Average 


Minimum 


Maximum Minimum | Average 


.00034 


.0055 
.00043 


.00022 
.00009 


-0011 
. 00080 


.0013 
-0014 


.028 
.0030 
0043 


. 0066 
.0074 
.0032 








00044 


.029 
.0011 
-00041 


.00014 .0080 


.0019 
0012 
.00019 


.00041 .00088 


0.048 
0.0074 
0.0043 


00014 | 0 
00022 
.00009 


0076 
0.0024 
0.0012 





* This is the AEC standard for uncontrolled areas. 


Radioactivity in surface water 


Total (nonvolatile) alpha and beta radio- 
activities were determined by counting the resi- 
due remaining after evaporation of the water, 
and applying counting efficiency corrections 
determined for uranium-233 (for alpha radio- 
activity) and thallium-204 (for beta radioac- 
tivity), respectively, to obtain disintegration 
rates. Tritium was determined by liquid scin- 
tillation counting of a separate sample, and 
this activity does not appear in the total beta 
radioactivity. Uranium was determined fiuoro- 
photometrically, and the results calculated in 
terms of activity, assuming the isotopic com- 
position of natural uranium. Analyses for other 
radionuclides were performed by specific ra- 
diochemical separations followed by appropri- 
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ate counting. One-liter aliquots were used for 
all analyses except tritium and plutonium- 
neptunium. Most tritium analyses were per- 
formed by counting 10 ml in a gel system. A 
few samples were analyzed by electrolytic en- 
richment of 250 ml aliquots prior to counting. 
Plutonium and neptunium analyses were per- 
formed on 10-liter samples by a plutonium 
chemical separation method (2), modified to 
include neptunium, followed by alpha spec- 
trometry. Plutonium-236 was used to determine 
the plutonium yield. 

Argonne wastewater is discharged into Saw- 
mill Creek, a small stream that runs through 
the laboratory grounds, drains surface water 
from much of the site, and flows into the Des 
Plaines River about 450 meters downstream 


527 





from the wastewater outfall. Sawmill Creek 
was sampled upstream from the Argonne site 
and downstream from the wastewater outfall 
to determine if radioactivity was added to the 
stream in Argonne wastewater or from surface 
drainage. The sampling locations are shown in 
figure 1. Below the wastewater outfall, the 
creek was sampled continuously, and the indi- 
vidual samples collected five times weekly. 
Since it was impractical to analyze all the 
samples for all the nuclides and elements de- 
sired, equal portions of the samples collected 
each week were combined and analyzed. The 
results obtained in this way represent the 
average concentrations in the weekly samples. 
Above the site, samples were collected twice a 
month and selected samples were analyzed for 
the same radionuclides as the below-outfall 
samples. 

Annual summaries of the results obtained 
for Sawmill Creek are given in table 8. Com- 
parison of the results, and 95-percent confi- 
dence limits of the averages, for the two sam- 
pling locations show that the only nuclides 
whose presence in the creek water can be at- 
tributed to Argonne operations were tritium, 
neptunium-237, plutonium-239, and possibly 


strontium-90. The fraction of individual sam- 
ples containing activity attributable to Argonne 
was 90 percent for tritium and 50 percent for 
plutonium and neptunium. The concentrations 
of all four nuclides were quite low compared to 
the AEC standards. The principal radionuclide 
added to the creek by Argonne wastewater, in 
terms of both concentration and percent of 
AEC standard, was tritium. The average Ar- 
gonne contribution of this nuclide to the creek 
amounted to only 0.02 percent of the AEC 
standard and the highest concentration in any 
single sample was equivalent to 0.02 percent of 
the AEC standard and the highest concentra- 
tion in any single sample was equivalent to 
0.06 percent of the AEC standard. The average 
tritiated water concentration in Sawmill Creek 
during the past few years shows Argonne’s tri- 
tium contribution to have decreased by a factor 
of three over 1970 and by a factor of 20 over 
1971, when a leak occurred in the CP-5 heat- 
exchanger. This is evidence of the laboratory’s 
continuing effort to reduce emissions to the 
lowest possible levels. The tritium in the creek 
above the site (270 pCi/liter) was similar in 
concentration to levels found away from the 
laboratory site and is characteristic of the pres- 


Table 8. Radioactivity in Sawmill Creek water, Argonne National Laboratory, 1972 





} 


| Number | 


Radionuclide Location | of 


Concentration 
(pCi/liter) | 


Percent of AEC standard 





| samples 
Maximum 





| j 
| Upstream. -_-- 24 
| Downstream -_-| 253 


Alpha (nonvolatile) 


Beta (nonvolatile) Upstream - - - | 24 


Downstream - - 253 
Tritium Upstream - - .. 23 
Downstream - - 253 
Strontium-89 Upstream - - -- 10 
Downstream -_- 200 
Strontium-90 Upstream - - .- 10 
Downstream - - 200 
Iodine-131 Upstream - -.. 
Downstream. 169 


Upstream - --. 
Downstream. - 169 


Upstream - --- 13 
Downstream - - 253 
Neptunium-237 Upstream - - .. 11 
Downstream -- 253 





Plutonium-239 Upstream - - .. 11 .0005 


Downstream - -| 253 .035 








Minimum 





Average Maximum | Minimum 


Average 


(0.067) 
(.053) 


-007 
-007 


-0060) 
- 0068 ) 


- 00007 
-005 








.00001 


-0013 .00070 <.00001 -000030 











* Uranium concentration in units of ug/liter can be obtained by multiplying the concentration given by 1.48 pCi/liter. The average concentration in 


the Creek then becomes 2.4 yg/liter. 
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ent normal levels of tritium in surface waters. 
During 1972, the tritium content of several 
Lake Michigan water samples was 275 to 280 
pCi/liter. Over the past 2 years, the tritium 
concentration. in surface water samples has 
decreased by a factor of 2 as the tritium from 
nuclear tests mixed with and was diluted by the 
hydrosphere. 

The average total alpha and beta radioactivi- 
ties were higher above the site, indicating that 
at times Argonne wastewater contained less 
nonvolatile activity than creek water. The 
higher activities above the site are probably 
due to the water added to the creek by a large 
municipal sewage treatment plant. The large 
amount of dissolved solids added in the sewage 
water is accompanied by a small amount of 
radioactive nuclides, and increases the radio- 
activity in natural creek water. The total alpha 
and beta radioactivities were not appreciably 
different than in 1971. 

In addition to the natural beta radioactivity 
and that added by wastewater below the out- 
fall, beta radioactivity from nuclear detona- 
tions was detected at both sampling locations. 
The normal nonvolatile beta radioactivity is 
approximately 10 pCi/liter. It is estimated that 


fallout activity added about 5 pCi/liter to the 
nonvolatile beta activity at both locations and 
that the Argonne contribution below the outfall 
averaged about 1 pCi/liter equivalent to 0.03 
percent of the AEC standard. The Argonne 
contribution remained the same as 1971 levels, 
while the fallout contribution decreased by 
about a factor of 2. 

The same nuclides added to the creek in 
Argonne wastewater are also produced in nu- 
clear detonations and are constituents of fall- 
out (although some are not present in amounts 
above the detection limits). The total concen- 
tration, regardless of source, must be used in 
assessing the health hazard of a radionuclide 
not naturally present, and the percent of the 
AEC standards for all nuclides listed in table 
8 were very low. 

Since Sawmill Creek empties into the Des 
Plaines River, which in turn fiows into the Il- 
linois River, the radioactivity in the latter two 
streams is important in assessing the contri- 
bution of Argonne wastewater to the environ- 
mental The Des Plaines River 
Was usually sampled twice a month below and 
monthly above the mouth of Sawmill Creek to 
determine if the radioactivity in the creek had 


radioactivity. 


Table 9. Radioactivity in Des Plaines River water, Argonne National Laboratory, 1972 








Concentration 
pCi/liter 


Percent of AEC standard 
Number 
Radionuclide Location o ee oe ares munich 


samples 


Maximum Minimum Maximum Minimum Average 


Alpha (nonvolatile Upstream - - - 0.027) 0.060) 


1 ¥ 2 . : 
Downstr2am 24 ° .85 1. + 0.22 (.10) .028) .060 
Beta (nonvolatile) Upstream - - - : : + 6. -4) (.17) (.43) 
Downstream - | @ x + 2. i .16) .37) 


Tritium }pstream | 3 200 24: +45 .012 | .0067 0082 
Downstream -- 4 | <2 { +36 .O1% < 0067 .0077 


Strontium-89_.......-.-. Upstream - - - - 
Downstream 


Upstream - - - 
Downstream - 


Upstream - - 

Downstream 
Barium-140_... Upstream - - - Het . F Snes ee Seen .007 
Downstream | y Sao ; <.007 
Uranium (natural)* Upstream - . . . m 98 .6 t .2 (.0052 (.0024 (.0040) 
Downstream 23 | 3.1 1.6 ‘ 0078) .0010) .0040) 
Neptunium-237 - - - Upstream. - . . .002 


- 00007 
Downstream < .002 


.00007 
Plutonium-239- Upstream - - - . | .0014 


<.0005 00072 + 
Downstream .00092 


<.0005 00055 = 


00027 
00017 


000028 < .00001 
000018 <.00001 


000014 
-000011 





® Uranium concentrations in units of ug/liter can be obtained by multiplying the concentration given by 1.48. The average concentration is 2.4 ug 
liter. 
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any effect on the activity in the river. Annual 
summaries of the results obtained for these 
two locations are given in table 9. The concen- 
trations were in their normal ranges. The nat- 
ural nonvolatile beta activity in the river is 5 
to 10 pCi liter, and the excess, 4 to 5 pCi/liter 
was due to fallout. 

Evidence of fission product fallout is appar- 
ent in some of the water samples. Positive io- 
dine-131 concentration in the Des Plaines 
River and at 15K in Sawmill Creek on the same 
day in early May correlate with air filter results 
that indicated a recent atmospheric nuclear 
test. Between June and October, plutonium-239 
was detected at both locations in the river. 
Since the river consists mainly of surface run- 
off water, the presence of the plutonium-239 
can be attributed to fallout, carried down by the 
rains and collected in the river. The fact that 
plutonium-239 could not be found at any time 
in Sawmill Creek above the site is due to the 
fact that a substantial portion of this water is 
from deep municipal wells. 

The activities in samples of Illinois River 
water (table 10) were similar to those found in 
other bodies of water in the area and to the 
activities found previously at these same loca- 
tions. The average alpha concentration of 1.2 
pCi liter and average beta concentration of 
8.5 pCi liter of 31 offsite surface water samples 
collected during the year is evidence that the 
Illinois River activity levels are normal. No 
radioactivity originating at Argonne could be 
detected in the Des Plaines or Illinois Rivers. 


Table 10. 


Location Date 
collected 


‘Kinley Woods State Park June 27 
ow Dresden Power Station__-_-- June 27 
is re June : 
Cinley Woods State Park Octot 


Below Dresden Power Station October 5 
N October 5 


October 5 


Soil, grass, and benthic materials 


Plutonium deposition in soil, grass, and ben- 
thic materials was measured on and off the site 
to study the plutonium fallout level in the area 
from nuclear testing and to determine if any 
plutonium is present in the environment that 
might be due to Argonne operations. Soil sam- 
ples consisted of a core 173 cm? in area of 30 
em deep. The grass samples were obtained by 
collecting all the grass from a 1 m® area. A 
grab sampling technique was used to obtain 
benthic materials. After drying, grinding, and 
mixing, 100 gram portions of soil and benthos 
were analyzed. The size of the grass samples 
was 40 g of the oven-dried plant. 

The onsite and offsite soil results are given 
in tables 11 and 12, respectively. The limits 
given for the individual results are the statis- 
tical counting errors at the 95-percent confi- 
dence level, while the limits of the averages 
are the 95-percent confidence levels calculated 
from the standard deviation of the average. 
Comparison of the onsite and offsite samples 
shows that the same average and general range 
of concentrations exist in all areas for both 
plutonium isotopes, and it may be concluded 
that the plutonium in the onsite samples re- 
sulted primarily from fallout of debris from 
nuclear detonations. Fallout deposition values 
found by other laboratories (4-6) are in the 
same range as those reported here, namely 
about 2 nCi/m*. 

Several onsite locations are slightly higher 
than the highest offsite sample. These samples 


Radioactivity in Illinois River water, ANL, 1972 


Plutonium- 
239 


001 0.0005 
<.001 .0005 


<.0005 >.00053 
<.0005 >. 00022 


* Uranium concentrations in units of ug/liter can be obtained by multiplying the concentration given by 1.48. 
> These analyses were made on a 45-liter sample; all other plutonium analyses were made on 10-liter samples. 
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Table 11. Plutonium concentrations in 


Date collected Location *®|___ 


| {Ci/g 


| 0.3440.24 
614 .48 


June 8:......-. 


- dm 02 OT OT Ot =) 


eH HEHE HEHEHE HE HE HE HE HE HH 


June 13: 


October: _- 


ee ee 
jeeTeoqocrecqeerse) 


October 30:_ _ _- 


=x 


Average 


* The 


Table 12. 


| 
Date 
collected 


Location 


McKinley Woods State Park 
Pioneer Park, Naperville 
Saganashkee Slough 
McGinnis Slough 
McCormick Woods 

Lake Delavan, Wisconsin 


June 27: 


September 27 
October 3 


CII ic ibis catenin staan lscesmee 


were collected near buildings in which plu- 
tonium had been used, so the possibility of 
plutonium in their vicinity exists. The levels 
of activity in these samples are not sufficiently 
above the fallout range to allow an unequivocai 
conclusion. Surveillance in these areas is con- 
tinuing. 

The samples collected downwind from Build- 
ing 205 after the glove box explosion averaged 
1.83 nCi/m? and ranged from 1.1 to 2.9 nCi/m*. 
These values are also not sufficiently different 
from the offsite results to conclude with good 
probability that the samples contained pluto- 
nium from the explosion. 

Composite monthly precipitation samples 
were analyzed for plutonium-239 by the same 
procedure as used on water samples. Concen- 
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Plutonium-238 


Plutonium concentrations in offsite 


0.31+0.24 
68 + 5 


onsite soil, ANL, 1972 


Plutonium-239 
sd % 4 2Pu 


(fCi/g 


29Pu 


Oo 


.20 


ASCMAIWOA-10" 


ou 
OAD OND DOV AI SN ON OND 


“1D Om 


HHHHHHHHHHHHHHHHHHHHHHEHEH 


AAMAS 


IND ND et et et et De Dt et Ct tt ee 
¢ OOM ONMRUAN ) sore 2 


D&O DW-1 DE AHLODAUM-IW ES DEWWWODS 


em Olde 3-32 01 


AnNNMmeK wo 


1.83+0.24 


locations are given in terms of the grid coordinates in figure 1. 


soil, ANL, 1972 


Plutonium-238 Plutonium-239 


i/g nCi/m? nCi/m? 


0.08 +0.06 
3 : 


20 


1 
1 
2 
1.§ 
1 
1 


0.19+0.07 - a 1 


trations, expressed in terms of ground deposi- 
tion, ranged from 0.12 to 0.75 pCi/m® and aver- 
aged 0.4 pCi/m?*. The total 1972 deposition by 
precipitation was only 0.3 percent of the amount 
previously deposited, and implies that, in the 
absence of further testing, the soil content will 
not increase greatly. 

The thorium and uranium content of the 
soil samples was also measured, the former by 
chemical separation and alpha spectrometry 
and the latter by a fluorophotometric method. 
The thorium-228 concentrations averaged 0.40 
+ 0.04 pCi/g onsite and 0.43 + 0.10 pCi/g 
offsite. The thorium-230 averaged 0.47 + 0.04 
pCi/g onsite and 0.45 + 0.10 pCi/g offsite. 
The thorium-232 averaged 0.34 + 0.03 pCi/g 
onsite and 0.37 + 0.08 pCi/g offsite. No sig- 
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nificant differences between on- and offsite 
concentrations were found. These are normal 
levels of the naturally-occurring thorium ac- 
tivities. Results of uranium analyses averaged 
1.5 0.2 pCi/g onsite and 13 + 0.3 pCi/g 
offsite, and are quite similar to levels of ura- 
nium in soil found in previous years in this 
area (7,8). No evidence of uranium from Ar- 
gonne was found. In terms of mass, the thorium 
concentrations were 3.1 ug/g onsite and 3.3 
ug/g offsite and the uranium concentrations 
were 2.2 ng/g onsite and 1.9 xzg/g offsite. 
Gamma-ray spectrometric analysis of these soil 
samples showed only traces of old fission prod- 
ucts attributable to fallout, and no activity 
related to laboratory operations. 

The results of plutonium-239 measurements 
in grass are given in table 138. The concentra- 
tions in terms of area were approximately the 
same on and off the site. Two onsite samples 
(June 7, 12L and 91) are 1.5 to 2 times higher 
than the offsite samples, and these were col- 
lected near soil that also contained above aver- 
age plutonium concentrations. However, it is 
not certain that any of the plutonium in these 
samples can be attributed to Argonne since 
grass collected in 1971 contained still higher 
concentrations both on and off the site (9) than 
were found this year. The differences observed 
are probably due to normal variations in fall- 
out concentrations. In terms of deposition, the 
plutonium-239 concentration was a factor of 
2000 to 5000 less than in soil from the same 
location. Uranium concentrations were similar 
to those reported last year (10). 


Table 13. Plutonium-239 concentrations in grass, 


ANL, 1972 


Plutonium-239 


concentration 


pCi/m 


June 7 
June 8: 
October 17: 


October 18: 
October 30 


00 ee ee ee ee DO 


McKinley Woods State Park_| June 27: 
Lake Delavan, Wis 


October 3 


* The onsite locations are given in terms 


of the grid coordinates in 
figure 1. 
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A study was made of the plutonium concen- 
tration in the Sawmill Creek bed below the 
laboratory wastewater outfall. The results are 
shown in table 14 along with the results 
from several control locations. Because the 
nature of the creek bottom prevented collec- 
tion from a known area, results are expressed 
in terms of concentration rather than deposi- 
tion. The lower concentrations (<10 fCi/g) 
were found in samples collected in areas where 
the flow rate is rapid and the bed was sandy 
and had little absorptive capacity. As the creek 
slows 90 meters below the outfall, the sedimen- 
tation increases, the bed becomes more silty 
and retentive, and higher plutonium concen- 
trations occur. The highest creek results are 
similar to those of the slower moving Des 
Plaines River. Thorium and uranium concen- 
trations in the creek bed followed the same 
pattern. Little, if any, plutonium released in 
the laboratory wastewater is retained by the 
creek bottom. 


Table 14. Plutonium concentrations in benthic material, 


ANL, 1972 


Des Plain 
tee 


Des Plaines R 
15K 
45 meters belo 


90 meters below 7 


140 meters belov 


180 meters belov 


Mouth of Sawmill at Des Plaines 


whom totrotor- 
bo 


xe toNweaowc 


* Locatio above the ANL site. L 


n 15K isa cation 3 below the waste 
water outfall. Both locations are in Sawmill Creek. 


Radioactivity in milk 


Raw milk was collected monthly from a local 
dairy farm and analyzed for several fission 
products. Barium-140, strontium-89, and iodine- 
131 were not present in concentrations greater 
than the minimum detectable amounts of 20 
pCi/liter for iodine-131 and 2 pCi/liter for 
the other two nuclides. The cesium-137 and 
strontium-90 concentrations are given in table 
15. These two nuclides are long-lived fission 
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Table 15. Cesium-137 and strontium-90 concentrations in 


milk, ANL, 1972 


products from past nuclear tests and their 


presence in milk is not related to Argonne 


operations. The average strontium-90 content 


decreased by 10 percent from last year, while 


the cesium-137 concentrations decreased about 
50 percent. 

The concentrations given in table 15 may be 
compared to the AEC standards for drinking 
water pCi liter for 
liter for cesium-137 
if the daily intake of water is 2.2 liters. The 
consumption of 1 liter of milk per day would 
then result in an average intake of 0.75 per- 
cent of the strontium-90 and <0.025 percent 
of the cesium-137 AEC standards. Using the 
standards specified by the Federal Radiation 
Council, 1 liter of milk is equivalent to <0.3 
and 2.5 percent of the daily intake guides for 
cesium-137 and strontium-90, respectively. 


These values are 300 
strontium-90 and 20 nCi 


Penetrating radiation 


Measurements of gamma-ray dose were made 
with thermoluminescent dosimeters (extruded 
calcium fluoride chips, dysprosium-activated) 
calibrated with an NBS standard radium-226 
source. Each measurement was the average of 
3 to 6 chips exposed in the same package. Ex- 
posure times ranged from 44 t 
for one 133-day exposure). lr 
were calculated in terms of 
and these were weighte: 


74 days (except 
ividual results 
ual dose rate, 

‘ording to their 

exposure times in calcul: x the average for 

a location. 
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The measurements were made throughout 
the year at a number of locations at the site 
security fence to determine the dose that might 
be due to Argonne operations at the closest 
uncontrolled approach to the laboratory. The 
actual site boundary varies from 140 to 1400 
meters from the security fence, and over most 
of the perimeter is at least 450 to 900 meters 
from the fence. The closest public access to 
potential radiation sources is at coordinate 8H. 
At this location, the public is allowed to visit 
a preexisting cemetery (St. Patrick’s Ceme- 
terv). Measurements were also made at several 
locations on the site within the fence, and at 
several offsite locations for comparison pur- 
poses. The results are given in tables 16, 17, 
and 18 for the offsite, ANL site security fence, 
and onsite locations, respectively. 

The offsite measurements were quite uniform 
both by location and by period. Ninety-five 
percent of the results were in the range from 
94 to 114 mrem/year. Only one anomalous re- 
sult was obtained, 121 mrem/year for the 
second measuremeat at Lombard; all other 
results fell within 2 standard deviations (95- 
percent confidence limits) of the average for 
a single result, 105 + 11 mrem. 


Table 16. Environmental penetrating radiation at offsite 


locations, ANL, 1972 


Period of 


measurement 





F Table 17. Environmental penetrating radiation at ANL 


site security fence, 1972 
| 


Period of Days 
measurement 


Location Dose rate 


mrem /yr) 


17- 4/% 
1 


5- 9 


Average - 


18J 
14L: 


Average 


12-0: - 


Average __. 
12N: -. 


Average... 
10M - 

10L_ 

71: 
Average _ _. 


OG: ... 


Average - 


8F: 


Average . _ - 
9EF: -.- 


Average 
10E: ... 


Average... 


If it is assumed that the offsite readings 
accurately represent the average natural radia- 
tion background of the area, a result between 
94 and 116 mrem/year may be considered nor- 
mal with a 95 percent probability. Only 2.5 
percent of the measurements of a natural back- 
ground radiation field should be higher than 
116 mrem/year and 2.5 percent lower than 
94 mrem, year. The offsite average, 105 mrem 
year, is almost identical with that obtained in 
1971, 104 mrem/year. 

Examination of the site security fence meas- 
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Table 18. Environmental penetrating radiation on the 


ANL site, 1972 


Dose 
Location | rate 
measurement mrem /yr) 


9H—75 m east of CP-5 é 29 72 900 
8 

21 
Average - 


9G—75 m west of CP-5 


On 


8H— Heliport 


71—North fence of waste storage area 


m Aor 10 


~ 


Average 

7I1— Waste storage area 
71—West fence of waste storage ¢ 
Average _ - 

10I-—Bluff Road, NW of ZGS 


9H --North of building 315, 225 m 
south of CP-5 


7-8J -NW of storage area 


LLH-—South of 205, 500 m north of 
CP-5 


> 


9J —ZGS area, south 


Average 


9K —ZGS area, « 
building 


ast of Meson 


31 —Building 202 parking lot 
11-—- Building 202, south 
31 --Building 202, north 
Average 
13H --Building 203, north 


13G — Building 206, west 


urements (table 17 and figure 3) show that only 
three locations gave average readings outside 
the normal range and two locations occasionally 
gave readings outside the normal range. The 
latter finding can simply be part of the normal 
spread indicated above. The dose rate at loca- 
tion 13D was well below the normal range, as 
it was in 1971, probably because of the large 
amount of subsurface gravel in the area con- 
taining below average concentrations of natural 
activities. Two locations were above normal, 
8G and 7I, both on the south security fence. 
The abnormal dose rate at 71, approximately 
300 mrem/year, was due to radioactive ma- 
terials in a radioactive waste storage area 
several hundred meters north of the fence. 
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Figure 3. 


Radioactive waste is stored and packaged in 
this area for shipment to waste burial sites 
elsewhere. Readings in the center of the storage 
area (table 18) were as high as 2.3 rem/year. 
The area between the site security fence and 
the site boundary in this vicinity is rugged 
and heavily wooded, and the land rises steeply 
from the Des Plaines River. As a result, the 
area is relatively inaccessible and no individ- 
uals frequent this location. Based on measure- 
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External radiation measurements, Argonne National Laboratory 


ments made north and west of the storage 
area, the dose rate at the south boundary line, 
about 590 meters from the fence, would be 
indistinguishable from background levels. The 
waste storage area may be considered as a sta- 
tionary gamma-ray source in considering the 
variation of dose with distance. The strength 
of the source varies, however, as material is 
moved in and out of the area. 

The dose rate at 8G, 128 mrem/year, is about 
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20 mrem/year above the normal average. At 
this location, there are three possible sources 
for above-normal readings; direct radiation 
from the waste storage area, direct radiation 
from the low power (10 W to 10 kW) reactors 
and from a tandem Van de Graaff generator 
in Building 315 (location 9H) and argon-41 
from the CP-5 reactor at location 9H. The 
abnormal reading at 9H, north of Building 315 
(264 mrem year) (onsite) makes this building 
a possible, but minor, contributor to the dose 
at 8H. The contribution of CP-5 is considered 
negligible since onsite readings at 11H (as far 
north of CP-5 as the 8H location is south) and 
at location 101 (west of CP-5 and slightly 
farther from CP-5 than 8H) were all normal. 
The wind roses from this area show a maxi- 
mum from the west and southwest, so that 
higher doses from CP-5 should be observed to 
the north and east of the reactor. Elevated 
readings were obtained onsite at location 8H 
(141 mrem/year), between the waste storage 
area and the &G location and at location 7/8J, 
but to the east. These readings are consistent 
with the interpretation that the elevated 8G 
reading is due primarily to the radioactive 
materials in the waste storage area. Although 
additional measurements in the area are indi- 
cated to determine the contribution of the 
various sources to the dose at 8G unequivocally, 
the waste storage area is believed to be the 
major contributor. 

The applicable radiation protection standards 
for whole body external radiation dose to the 
general population is a maximum of 500 mrem/ 
year to critical individuals, or, if individual 
doses are not known, 170 mrem/year to a suit- 
able sample of the exposed population. The 
latter criterion assumes that the maximum 
dose to individuals in the sample will not ex- 
ceed the average by more than a factor of 
3 (11). The dose from Argonne operations at 
location 8G (about 20 mrem/year) is well 
within these limits, particularly since the in- 
dividuals visiting the cemetery are exposed 
for only a very small fraction of the year. The 
dose at the fence line south of the waste stor- 
age area, about 300 mrem/year, is 60 percent 
of the 500 mrem/year limit to individuals, 
although it is about twice the 170 mrem limit 


536 
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to the “suitable sample.” However, as noted 
previously, there are no individuals being ex- 
posed at that location, and the dose at the 
south boundary of the site is normal. It is also 
appropriate here to consider the “as low as 
practicable” guideline limits being proposed 
for light-water cooled power reactors (12). 
Various limits are being considered, and at 
present, 10 mrem/year is the one most likely 
to emerge. The annual dose at 8G exceeds this 
value, but as pointed out earlier, individuals 
receive exposures only when visiting the ceme- 
tery. There are no full-time residents living 
close enough to the site boundary to receive 
10 mrem /year. 

Other above-normal readings of interest on 
the site (table 18) are those 70 meters east 
(1.3 mrem year) and west (400 mrem /year) of 
CP-5; just north of building 315 at location 
9H (264 mrem/year), and at 9K, just east of 
the ZGS Meson building (152 mrem/year). The 
maximum occupational dose at these locations 
is about 20-25 percent of the anual dose con- 
sidering the amount of time employees spend 
on the site. The applicable annual standard for 
occupational exposure is considerably higher, 
5 rem. 
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2. Bettis Atomic Power Laboratory * shown that the laboratory’s procedures for 
January—December 1972 controlling effluents are adequate to ensure 
that all releases to the environment are made 
Westinghouse Electric Corporation in accordance with the applicable requirements. 
Pittsburgh, Pa. The program includes sampling and analysis 
of exhaust air, liquid effluents, and silt and 
water samples from the small streams on the 
laboratory site and in the nearby area. 
Evaluation of these data, along with the analy- 
sis of the environmental radiation measure- 
ments, provides the basis for assessing the 
opment of nuclear power reactors. aw Pee ' ; 
The laboratory is situated on a 200 acre tract °"%" ween impact. dus: to lnksentery 
of land in the Borough of West Mifflin, Pa., operations. 
approximately 7 miles southeast of the city of 
Pittsburgh. A map of the Bettis Laboratory and kor Bn: 
surrounding area is provided in figure 4. Monitoring of liquid effluent 
This document summarizes the results of the The Bettis Atomic Power Laboratory con- 
effluent and environmental monitoring program 
conducted at the laboratory for January- 
December 1972. The program has been con- 
tinuously maintained since 1959 and regulates 
the disposal of solid, liquid and airborne efflu- 
ents from the laboratory. Since its inception, 
the data obtained from this program have 


The Bettis Atomic Power Laboratory is oper- 
ated by the Westinghouse Electric Corporation 
for the U.S. Atomic Energy Commission 
(AEC) and is engaged in the design and devel- 


sists of a main laboratory area and a critical 
facilities area. Liquid effluent from these areas 
consists of uncontaminated coolant and process 
water (e.g., air conditioning coolant), surface 
runoff rainwater, and controlled liquid releases 
whose measured radioactivity concentrations 
are less than the applicable discharge limit of 
300 pCi/liter. The liquid discharge limit appli- 
~~ Summarized from Environmental Monitoring at Cable to laboratory releases is conservatively 
Major U.S. Atomic Energy Commission Contractor based on the maximum permissible concentra- 


. r = _195 “ . is ; , ore ° . . 
weg OE ae 1259 “Bettis Atomic Power Laboratory tion of strontium-90 in water. 
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Figure 4. Bettis Atomic Power Laboratory sampling stations 


Effluent sampling 


Process liquids resulting from laboratory 
operations in which radioactive materials are 
handled are collected in holding tanks. Water 
is released to the environment only when the 
measured activity is less than the AEC stand- 
ards. Liquid effluents having a concentration 
of radioactivity in excess of the AEC standards 
are treated either by evaporation or ion ex- 
change and filtration. Water from the holding 
tanks is sampled and analyzed for gross alpha 
and gross beta-gamma activity to determine if 
further treatment is needed or if the water 
has a low enough concentration of radioactivity 
to release. The residue from the liquids which 
are evaporated is solidified and shipped offsite 
for burial as solid waste. 

Samples of laboratory liquid effluents were 
collected and analyzed to ensure that all appli- 
cable water quality standards were met. 
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Analytical techniques 


Samples are prepared for analysis by evapo- 
rating 100 ml aliquots of process liquid to de- 
posit suspended and dissolved solids on 5-cm 
aluminum planchets. Alpha and beta-gamma 
measurements are obtained on an automatic 
sample counter. 

The automatic sample counter uses a gas 
flow, 2x proportional counter with a surround- 
ing NalI(T1) crystal in anticoincidence to reduce 
the background radiation detected by the pro- 
portional counter. The combination of the 
guarded sample detector and extensive lead 
shielding permits the unit to maintain low 
background count levels. Calibrations for the 
counter are performed using plutonium-239 
(alpha) and cesium-137 (beta-gamma) stand- 
ard sources. The minimum detectable levels for 
alpha and beta-gamma radioactivity are 5.0 
pCi/liter and 10 pCi/liter, respectively. 
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All analyses for water quality parameters 
were performed by a subcontractor utilizing 
standard laboratory techniques described in 
reference (132). 


Effluent monitoring results 


The net radioactivity released from the 
laboratory during January—December 1972 
amounted to a quantity that was not signifi- 
cantly different from the waste discharge per- 
mit quantity of 0.0011 curie. During this period, 
the total liquid effluent volume from the Bettis 
site, including surface runoff rainwater and 
process waters, was 220.5 « 10° gallons. Hence, 
the net average radioactivity concentration of 
the liquid effluent released to the environment 
was 1.31 pCi/liter or 0.44 percent of the AEC 
standard. The radioactive constituents con- 
tained in the liquid effluent which are attribut- 
able to laboratory operations are strontium-90, 
cesium-137, and cesium-134. 


Monitoring of airborne effluent 


All of the laboratory stacks which exhaust 
air from areas where radioactive materials are 
handled are monitored on a continuous basis. 
A daily sample of stack effluent particulate 
matter is collected for analysis on filter paper 
at a sampling flow rate of 20 liters per minute. 
At two locations where the potential for iodine- 
131 releases can exist, sampling of iodine-131 
concentrations is also performed by utilizing 
charcoal-impregnated cellulose filters. 

Until April 1972, the filters were counted 
for alpha and beta-gamma radioactivity using 
alpha scintillation and end-window Geiger- 
Mueller detectors, respectively. The minimum 
detectable levels for particulate alpha and beta- 
gamma radioactivity were 0.1 pCi/m®* and 1.0 
pCi/m*, respectively. The alpha detector was 
calibrated with a thorium-230 standard source, 
and this Geiger-Mueller counter was standard- 
ized using cesium-137. Since April 1972, the 
filters have been counted on an automatic 
sample counter. This system has been calibrated 
for counting the alpha and beta-gamma activity 
deposited on filters using a thorium-230 stand- 
ard source for alpha activity and cesium-137 
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for beta-gamma activity. The minimum detect- 
able activities with the improved detector have 
decreased to 1.5 fCi/m* alpha and 11.0 fCi/m* 
beta-gamma. 

The iodine-131 is counted with an end- 
window Geiger-Mueller counter. The minimum 
detectable activity for iodine-131 is 500 pCi/m’. 
Calibration is performed with a cesium-137 
standard. 

Although the techniques used to measure the 
concentration of particulate radioactivity in 
air are sensitive to levels well below natural 
background, the radioactivity levels in most of 
the air exhausted from the laboratory were 
less than the minimum detectable level. In 
such cases, conservative calculations which 
assume that the air discharged contained par- 
ticulate radioactivity at the minimum detect- 
able level were used. The results indicate that 
less than 0.024 curie was released to the atmos- 
phere in 1972. On this basis, the average con- 
centration of airborne particulates in the air 
released was less than 5.7 percent of the AEC 
radiation standards for an unknown mixture 
of radionuclides in air. The general public out- 
side the boundary of the laboratory was not 
exposed to radiation levels in excess of natural 
background, and the quantity of airborne radio- 
activity released was too small to have had any 
significant effect on the quality of the human 
environment. 


Surface water monitoring 


The principal purpose of the surface water 
sampling program is to provide additional 
assurance that the laboratory procedures for 
the control of radioactivity are adequate. The 
net amount of radioactivity measured in the 
laboratory effluents is compared with the net 
difference between the natural radioactivity in 
the city drinking water and precipitation and 
the radioactivity in surface water leaving the 
site. Samples of the water are analyzed for 
gross alpha and gross beta-gamma radioactivity. 

The Bull Run sampling station collects 
approximately 50 ml aliquots of effluent water 
from a basin which is automatically siphoned 
and refilled at a rate proportional to the effluent 
flow. The number of aliquots is counted by a 


539 





Table 19. Summary of the surface water monitoring program, BAPL, 1972 


Concentration 
(pCi /liter) 


Parameter 


l l se Ba A 


Volume | 





Maxi- | Mini- | 


0 a | 

Influent _ _ - - <— 

Precipitation runcff - -_| 

Residual (effluent less | 
influent and pre- 
cipitation) 


* At 95-percent confidence level. : 
> Meas.red at the Bull Run sample station. 


__| (gallonX | Total activity 
10*) (Ci) 
Average * 


> 220.5 0.0118+0.0012 
‘ .0049+ .0010 
0051+ .0013 


.0018+ .0020 


¢ Assumes that precipitation runoff from 80 percent of roofs and paved grounds enters the 


laboratory storm sewer network. 


mechanical register which permits calculation 
of the total effluent volume. 

The analytical techniques employed are the 
same as those used for effluent monitoring and 
the minimum detectable levels for the gross 
alpha and gross beta-gamma analyses are 5.0 
pCi/liter and 10 pCi/liter, respectively. 

The results of the surface water monitoring 
program are summarized in table 19. As noted 
in table 19, a release of 0.0018 + 0.0020 curie 
due to laboratory operations is derived by sub- 
tracting the radioactivity measured in the efflu- 
ent water supply and in the precipitation and 
surface runoff from the effluent radioactivity 
measurements. Comparison of this calculated 
radioactivity release with the activity com- 


puted by summing all releases authorized by 
the discharge permit (0.0011 curie) indicates 
that within the uncertainties of the measure- 
ment, there is no significant difference between 
the two values. These data confirm that the 
procedures used by the laboratory to control 
radioactivity are effective in protecting the 
environment. 


Dosimetry monitoring 


Environmental radiation levels are monitored 
by 50 lithium fluoride thermoluminescent de- 
vices. Thirty-four of these devices are posted 
on the laboratory security fence at approxi- 
mately 100-foot intervals. The remaining 16 
are located at points on or near the laboratory 
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site boundary. The locations of the thermo- 
luminescent monitors are shown in figure 5. 
In addition, nine control thermoluminescent 
dosimeter monitors are placed at locations re- 
mote from the laboratory site in order to pro- 
vide independent measurements of local natural 
background radiation levels. 

The onsite thermoluminescent monitors and 
the nine control monitors are processed quar- 
terly. Calibration of the system is accomplished 
by readout of dosimeters exposed to a cesium- 
137 standard source. 

A summary of quarterly environmental 
radiation dosimetry data, along with control 
dosimetry results, is given in table 20. It is 
concluded from this comparison that the radia- 
tion exposure to the general public at the site 
boundary was not above that received from 
natural background radiation. 


Table 20. Environmental radiation measurements, BAPL, 





Dose rate 
(mrem /calendar quarter ) 


Control ee ie ale 
Site boundary - - - 


* Average values have a 30 percent deviation from the mean at the 
95-percent confidence level. 


Stream silt sampling 


Silt samples are routinely collected from the 
three small streams on the laboratory site and 
from a remotely located control stream. A more 
extensive, improved, silt sampling liquid efflu- 
ent and environmental monitoring program 
was implemented at the laboratory on October 
1, 1972. The expanded sampling program in- 
creases the number of samples taken from Bull 
Run since it is the largest of the three streams 
on the site. It includes the collection and analy- 
sis of silt samples from several onsite and off- 
site locations. The revised sampling program 
is designed to provide increased confidence that 
laboratory operations have an _ insignificant 
effect on the environment. 

In the new program, a total of 114 silt samples 
are collected annually from the control stream 
and the three streams which carry laboratory 
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liquid effluents. The majority of these samples, 
24 per quarter from 6 different sampling loca- 
tions, are collected from Bull Run. Three 
samples are collected from each of the other 
three streams, semiannually. A total of 38 silt 
samples were collected annually from all loca- 
tions prior to the implementation of the revised 
silt sampling program. 

All of the silt samples collected are analyzed 
for gross alpha, gross beta-gamma and cesium- 
137 radioactivity. 

The silt samples are oven dried, milled, 
homogenized and evenly distributed on a plan- 
chet. The gross radioactivity measurements are 
obtained by counting a 400 milligram sample 
for 100 minutes on a low background propor- 
tional automatic sample counter. Minimum 
detectable levels for these parameters are 4.0 
pCi/g alpha and 1.4 pCi/g beta-gamma, al- 
though these values can vary to some degree 
due to self-absorption correction factors which 
are dependent on the exact sample weight. 
Self-absorption correction factors have been 
measured and are used when needed. 
Calibrations for this measurement are per- 
formed with uranium-235 (alpha) and cesium- 
137 (beta-gamma) standard sources. 

Measurements of cesium-137 silt activity are 
obtained with a 3-inch diameter by 3-inch high 
Nal(Tl) scintillation detector. The average 
size of the silt samples for these measurements 
is 175 g. The system is calibrated with a set of 
dirt samples to which known amounts of a 
standard cesium-137 solution have been added. 
The cesium-137 concentration is calculated by 
integration of the 0.66 MeV photopeak area 
following subtraction of the Compton back- 
ground continuum from higher energy gamma- 
rays. The minimum detectable activity for 
cesium-137 in silt varies from 0.45 pCi/g for 
a 100 g sample to 0.25 pCi/g for a 200 g sample. 

Average radioactivity concentrations at the 
95 percent confidence level of 8.3 + 6.4 pCi/g 
alpha and 25.3 + 2.8 pCi/g beta-gamma were 
measured in the control stream silt samples. 
The radioactivity measurements in the two 
streams which carry Critical Facility Area 
liquid effluents are not statistically different 
from the control stream values and are of no 
environmental significance. 





Average net radioactivity concentration at 
the 95 percent confidence level of 4.6 + 3.7 
pCi/g alpha and 36.8 + 15.7 pCi/g beta-gamma 
were measured over the initial 1.9 miles of 
Bull Run. The maximum and minimum net con- 
centrations measured in Bull Run ranged from 
less than the minimum detectable level (4.0 
pCi/g) to 10.5 pCi/g alpha, and from less than 
the minimum detectable level (1.4 pCi/g) to 
66.4 pCi/g beta-gamma. The majority of this 
radioactivity is due to cesium-137, for which 
an average concentration of 33.2 + 14.3 pCi/g 
was measured. The range on the cesium-137 
concentrations measured in Bull Run silt was 
from 2.65 pCi/g to 54.10 pCi/g. 

An analysis was performed for that portion 
of the stream in which levels of radioactivity 
above background were measured to determine 
the quantity of radioactivity present and its 
effect on the environment. For the purpose of 
the analysis, the average concentration of 36.8 
+ 15.7 pCi/g beta-gamma radioactivity was 
conservatively assumed to be uniformly de- 
posited over the topmost 2 inches of stream 
silt. Using this assumption, this analysis indi- 
cates that after 23 years of laboratory opera- 
tions, the total accumulated activity in silt is 
less than 0.01 curie. Even though the stream 
silt is not used as a source of food, a member 
of the general public could continuously con- 
sume food at approximately the levels of 
cesium-137 found in the silt without exceeding 
the internal exposure limits recommended by 
the National Council on Radiation Protection 
and Measurement. 

Laboratory net releases have significantly 
decreased over the last 5-year period, and the 
surface water monitoring program confirms 
that these releases are strictly controlled. It is 
therefore concluded that the radioactivity in 
Bull Run silt has an insignificant effect on the 
environment. Further, there is no evidence of 
a significant buildup of radioactivity in Bull 
Run and only background activity is present 
1.9 miles from the juncture with the Mononga- 
hela River. 


Estimates of radiation dose to man 


Although the amounts of radioactivity re- 
leased from the laboratory are small and the 
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results of environmental monitoring show that 
laboratory operations have had no significant 
effect on the environment, conservative esti- 
mates of the radiation dose to man have been 
made by analyzing the pathways whereby 
radioactivity might be transferred from the 
environment to man. These analyses considered 
direct exposure, such as by drinking the water 
in Bull Run and indirect pathways, such as 
consumption of food. The assumed pathways 
used in these analyses are hypothetical since 
the public is not dependent on Bull Run and 
the laboratory storm drains for food and 
water. These analyses showed that exposures 
to man from this radioactivity would be too 
low to measure and could only be estimated 
through conservative calculations. Based on the 
radioactivity released during 1972, the maxi- 
mum radiation exposure to any member of the 
general public would be less than 2.6 millirem. 
This is a small fraction of average annual 
exposure of 125 millirem to members of the 
general public from natural radioactivity. The 
maximum radiation exposure to any member 
of the general public and the exposure to the 
population within a 50-mile radius of Bettis 
are significantly less than 1 percent of the 
AEC standard. Thus, radioactivity released 
from Bettis has not caused significant radia- 
tion exposure to the general public. 


Summary 


All potentially radioactive liquid and air- 
borne effluents are filtered and treated prior 
to release to ensure that all such releases are 
as low as practicable. The amount of radio- 
activity released during calendar year 1972 
was small and significantly below the AEC 
standards specified in the applicable regulations. 

The quantity of radioactivity released in 
water during 1972 amounted to a quantity 
that was not significantly different from the 
water discharge permit quantity of 0.0011 
curie. Since strontium-90 is the predominant 
and longest-lived radionuclide in the laboratory 
effluents, the laboratory radioactivity concen- 
tration guide is conservatively based on the 
AEC standard for strontium-90 in water. The 
average concentration of radioactivity in liquid 
effluents was only 0.44 percent of the AEC 
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standards; all liquids were released at concen- 
trations far below the AEC standards. Airborne 
particulates released to the atmosphere con- 
tained less than 0.024 curie and were generally 
below the sensitivity of the measuring equip- 
ment. The airborne particulate radioactivity 
concentration is less than 5.7 percent of the 
applicable AEC standard for an unknown mix- 
ture of radionuclides in air. Solid radioactive 
waste materials are shipped in Department of 
Transportation-approved, sealed containers to 
an Atomic Energy Commission-approved burial 
ground. Hence, these waste products have no 
effect on the quality of the human environment 
in the communities surrounding the laboratory. 
All other waste disposal processes are designed 
to ensure that all such releases from the labora- 
tory are made in accordance with the applicable 
regulations. 

Water quality measurements are made on 
water samples, which are collected from the 
small streams on the laboratory site. In addi- 
tion, analysis of the radioactivity in silt from 


these streams is also performed. The environ- 
mental radiation levels within and at the labora- 
tory boundary are measured by means of ther- 
moluminescent dosimetry monitoring devices. 
Analyses of these environmental monitoring 
data indicate that the operation of the labora- 
tory during 1972 did not have any significant 
effect on the quality of the human environment 
at the laboratory or surrounding communities. 
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3. Paducah Plant ° 
January—December 1972 


Union Carbide Corporation 
Paducah, Ky. 


The Paducah Gaseous Diffusion Plant 
(PGDP) is located in McCracken County, 
Kentucky, about 4 miles south of the Ohio 
River and 20 miles east of the confluence of 
the Ohio and Mississippi Rivers. The plant is 
an AEC-owned, contractor-operated uranium 
enrichment cascade with associated uranium 
hexafluoride (UF,) manufacturing plant and 
extensive support facilities. The Paducah proc- 
essing facility now consists of 1812 diffusion 
stages housed in five buildings with a total 
ground coverage of about 74 acres. Including 


®Summarized from “Environmental Monitoring at 
Major U.S. Atomic Energy Commission Sites, Paducah 
Plant, Calendar Year 1972” WASH-1259. 
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support facilities, the plant has a total com- 
plement of about 30 permanent buildings. 

Except for the large raw water treatment 
plant, all buildings are within a 750-acre fenced 
area. A buffer area of at least 1200 feet in 
depth exists on all sides of the fenced area. 
Beyond the AEC-owned buffer is an extensive 
wildlife management area leased or deeded to 
the Commonwealth of Kentucky. There is no 
habitation within 3,000 feet of any of the 
process buildings. The nearest incorporated 
towns are Metropolis, IIl., located 5 miles to 
the northeast and LaCenter, Ky., located 11 
miles southwest. Paducah, Ky., a city of 35 000, 
is located 12 miles east of the plant. 

The primary plant, the diffusion cascade, 
contains a physical process in which UF, is fed 
into the system, pumped through the diffusion 
stages and eventually is removed, still as UF,. 
The product is enriched in the fissionable ura- 
nium-235 isotope and the “tails” are withdrawn 
at the bottom as depleted UF,. The process 
pumps require electric power, lubrication, and 
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air for cooling. The compressed bases are cooled 
by a heat exchange fluid, which is in turn cooled 
by recirculating cooling water. 

The basic inputs to the feed manufacturing 
plant are hydrogen, anhydrous hydrogen fluor- 
ide (HF), and uranium oxide (UO,). The 
product is uranium hexafluoride (UF,). The- 
oretically, 1000 tons of HF are required to 
convert 2000 tons of uranium from the oxide 
to UF,. 

Some of the depleted UF, from the cascade 
is reacted with hydrogen to recover HF and 
to convert the volatile UF, to the more easily 
stored UF,. In the same facility, the Metals 
Plant, some of the UF, is reduced to metal by 
reaction with magnesium. The reaction results 
in the largest volume solid waste product of 
the plant processes, a magnesium fluoride slag. 


Air monitoring 


Continuously operating air sampling stations 
are established on electric power poles at four 
locations on the perimeter fence and at five 
locations approximately 1 mile from the plant 
site. Each sampling station consists of a metal 
housing sheltering a 2-inch membrane filter 
holder and containing (as the air flows) a flow 


meter, a gas scrubber, flow throttling valve, and 
an air pump. Air flow through the system is 
adjusted to 0.3 cfm (86 cubic meters per week). 
The membrane filter is removed each week for 
long-lived alpha and beta radioactivity deter- 
minations. 

The gas bubbler is filled to about a 7-inch 
depth with glass beads to disperse the air in 
the scrubbing solution of about 1 liter of 0.025 
normal sodium hydroxide. This collection tech- 
nique is essentially 100 percent efficient for 
HF collection in the parts per billion range. The 
fluoride content is determined by the specific 
ion electrode method. Results of the environ- 
mental air sampling program are shown in 
table 21. 

Alpha radioactivity attributed to uranium 
from the plant averaged less than the minimum 
detectable level at the outer edge of the buffer 
zone. The samplers on the north and east 
perimeter fences, which are nearest the Feed 
Plant and the Metals Plant, collected detectable 
amounts. Beta radioactivity levels at all sta- 
tions and in all samples were far below the 
applicable concentration guide. 

All gas scrubber samples collected offsite over 
weeklong periods and analyzed for fluorides 
were within the Kentucky ambient air stand- 


Table 21. Environmental air sampling results, Paducah Plant, January-December 1972 


Alpha radioactivity 
concentration 


({Ci/ m?) 


Beta radioactivity 
concentration 


(pCi/m!) Percent 


of AEC 
standard 








Mini- 
mum 


Average > Mini- 


mum 


Average > 





<30 +20 
<30+21 
<20+10 
<20 +20 


mile outside 
lant perimeter 


<20+10 
<20+10 
<20+10 
<20 +10 
<20+10 



































* See figure 6. 

> The ciemar-antuup (+) values represent the 95-percent confidence limits. The 95-percent confidence limit is 
calculated from the standard deviation of the average, assuming a normal frequency distribution, and is a measure 
of the variability in the range of concentrations measured. It does not represent the conventional error in the 
average of repeated measurements on identical samples. Data which are below the minimum detectable limit are 
expressed as less than (<) the minimum detectable value. In computing average values, sample results below the 
detection limit are assigned the detection limit value with the resulting average value being expressed as less than 
(<) the computed average value. 

© Environmental standards not applicable. 

4 The AEC standard for natural uranium is 2 pCi/m'. 

* The AEC standard for thorium-234 is 1 000 pCi/m'. 
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Table 22. Uranium concentrations 


| Num- 
ber 


in environmental water samples, Paducah 


Plant, January-December 1972 


Uranium 
(mg /liter) 





Sample point * of 
sam- 
Maximum M 





0.008 
50, 51, 52, 53 com- 
posite -O11 











* See figure 6. 


Percent 
inimum Average Standard of 
standard 





0.001 0.003 +0.0014 >’ 0.009 33 
.001 .002+ .0018 b .009 


.002+ .0012 460 
-015+ .0033 4 60 


021+ .033 





-441+ .130 





.001+ .0006 
.002+ .0012 





> Kentucky Water Pollution Control Commission regulation WP-4-1 (14). 


© Unclassified. 


4 AEC concentration guide equivalent for natural uranium. 


¢ Ohio River Valley Sanitation Commissic 
thorium-234) (15). 


on Pollution Control Standard 70-1 (standard for 


f Unclassified stream on government property. 


ard. The average results were about 20 percent 
of the standard. 


Water monitoring 


Water samples are collected continuously in 
the Big Bayou and in the Little Bayou (essen- 
tially a drainage ditch traversing AEC and 
TVA property). Grab samples are taken each 
month from several locations in the Ohio River, 
at the mouth of the Bayous, and from two test 
wells. The effluent from the sewage disposal 
plant is sampled for weekly determinations of 
suspended solids. 

The extensive water sampling and analyses 
showed no increase in concentrations of the 
parameters of interest in either the Ohio River 
or in ground water (tables 22-23). The concen- 
trations of uranium and beta radioactivity in 
the Big Bayou and at the mouth of the creek 
were well within the Ohio River Valley Water 
Sanitation Commission and AEC limits. 


Soil monitoring 


Soil samples were collected from near the 
north, east, south, and west AEC property 
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boundaries. Plugs of soil 314 inches in diam- 
eter were removed from the ground down to a 
uniform depth of 4 inches, dried, pulverized, 
and blended before analysis. Duplicate aliquots 
were spiked with uranium-233 and the uranium 
was quantitatively removed and analyzed by 
mass spectrometry. The results (table 24) 
ranged from 1.1 ppm to 2.0 ppm. Background 
in this area was determined in prior years to 
be 0.9 ppm. None of these concentrations would 
be expected to have a significant impact on the 
environment. 


Table 24. Concentrations of uranium in soil, Paducah 
Plant, January-December 1972 





Sample point Concentration 
(wg /@) 





At AEC property boundary: 
North 





Summary 


Air, water, and soil in the vicinity of the 
Paducah Gaseous Diffusion Plant were continu- 
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Table 23. 


Beta emitter concentrations in environmental water samples, Paducah Plant, January-December 1972 





Dissolved 
(pCi /liter) 


Suspended 
(pCi /liter) 





Average 


Standard |of stand- 





Percent 


| Percent | s me 
} Standard jof stand- 


Average 
ar 








50, 51, 52, 53 com- 
posite 














000 


000 
000 





<4. 
(lower limit) 


<12.4+ 12 000 | 


<33 
<90 


000 
000 


<39.4+ 29. 000 
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000 








<21 
<4.8 


000 
000 


+ 





* See figure 6. 


> Kentucky Water Pollution Control Commission regulation WP-4-1 (14). 


© Unclassified. 
4 AEC concentration guide equivalent (thorium-234). 


* Ohio River Valley Sanitation Commission Pollution Control Standard 70-1 (standard for thorium-234) (15). 


! Unclassified stream on Government property. 


ously or periodically sampled during 1972 at 
the locations shown on figure 6. Analyses for 
materials known to be in plant effluents were 
made to provide effluent control information 
and to determine compliance with applicable 
air and water quality standards. 

The air analyses for radioactivity indicate 
concentrations at all offsite sampling stations 
averaged less than 1 percent of the applicable 
AEC standards.’ 


. 
. 


Soil samples collected to provide historical 
background data were analyzed for uranium. 
The results ranged from 1.1 ppm to 2.0 ppm 
at the AEC property boundary. None of these 
concentrations would be expected to have a 
significant impact on the environment. 

There was no detectable change in radio- 
active characteristics of either the Ohio River 
or ground water attributable to Paducah 
Gaseous Diffusion Plant operations. 
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Figure 6. 


Sampling locations, Paducah Gaseous Diffusion Plant 
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Reported Nuclear Detonations, July 1974 


(Includes seismic signals presumably from foreign nuclear detonations) 


The U.S. Atomic Energy Commission announced a nuclear test in the yield range between 
20 and 200 kilotons was conducted underground July 10, 1974 by the Atomic Energy Commission 
at its Nevada Test Site. 





Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be ob- 
tained upon request from the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 205465. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


CALCULATIONS OF DOSES, POPULATION DOSES AND POTEN- 
TIAL HEALTH EFFECTS DUE TO ATMOSPHERIC RELEASES OF 
RADIONUCLIDES FROM U.S. NUCLEAR POWER REACTORS IN 
1972. Office of Radiation Programs, Environmental Protection Agency. 
Radiation Data and Reports, Vol. 15, August 1974, pp. 477-482. 


Atmospheric emissions of radionuclides during 1972 reported by opera- 
tors of 14 boiling water nuclear power reactors and 2 pressurized water 
nuclear power reactors in the United States were analyzed to calculate 
resulting doses in the general offsite environment. A sector-averaged 
diffusion equation, using facility generated onsite annual average 
meteorology, was used to propagate the emissions from the release point 
out to 81 kilometers. In 1972, 4.88 megacuries of radioactivity were 
released to the atmosphere from 16 reactors on 13 sites. The resulting 
whole body population dose was calculated to be 1649 person-rem to a 
population of 29.2 million people. The potential health effects induced by 
external radiation from nuclear power plant emissions in 1972 were less 
than those induced by natural background and occupational radiation 
exposures. 


KEYWORDS: Atmospheric radioactive releases, health effects, popu- 
lation doses, 1972, nuclear power reactors, United States. 


RADIOACTIVITY IN BRAZILIAN MINERAL WATERS. P. L. Hain- 
berger S.J., I. R. de Oliveira Paiva, H. A. Salles Andrade, G. Zundel, 
and T. L. Cullen. Radiation Data and Reports, Vol. 15, August 1974, pp. 
483-488. 


Samples of mineral waters from various parts of Brazil were analyzed 
for their radium content. Radium-226 activity ranged from nonde- 
tectable to 94.1 pCi/liter, and radium-228 ranged from nondetectable 
to 152 pCi/liter. 


KEYWORDS: Brazil, radium-226, radium-228, mineral water. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 


nantes nor have appeared in any other publica- 
ion. 


The mission of Radiation Data and Reports is stated 


on the title page. It is suggested that authors read it 
for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
doubled-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ation Data and Reports, AW-561, EPA, Office of Radia- 
tion Programs, Waterside Mall East, Room 615, Wash- 
ington, D.C. 20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiation Data and Reports. In addition, past issues of 
Radiation Data and Reports would serve as a suitable 
guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 


Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 

Illustrations: Glossy photographic prints or original 


illustrations suitable for reproduction which help en- 


hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the upper left of elements 
in long series of formulas, e.g., "“Cs; however, elements 
are spelled out in text and tables, with isotopes of the 
elements having a hyphen between element name and 
mass number; e.g., strontium-90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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